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RESEARCH, DEVELOPMENT AND DEFENCE IN BRITAIN 


N title and in content the recent White Paper on 
Defence* departs from the pattern of those issued 

over the past twenty years. It is shorter and it bears 
the stamp of the mind of the new Minister of Defence 
with his enhanced powers, and it offers a concise 
outline of the broad policy which the Government 
proposes to pursue. In this indeed it resembles 
the Statement on Defence, 1955; but whereas that 
Statement, after enunciating the Government’s 
acceptance of deterrence as the keystone of its defence 
policy and the consequent order of priorities laid 
down, analysed in some detail the programmes of 
the Services and related matters, the White Paper is 
concerned with no more than the broad lines of 
policy and some of the implications. It does not 
attempt to work out those implications in detail, 
and its importance is rather as a challenge to the 
new attitudes and the fresh thinking which the new 
policy demands. 

The last two White Papers went some way to meet 
the new situation which the rapid advances in 
military technology, and especially the advent of 
thermonuclear weapons in recent years, have made 
possible. In his Lees Knowles Lectures on Military 
Seience last yearf, Prof. P. M. S. Blackett suggests 
that the analysis in the 1956 Statement on Defence 
did not go far enough; although it recognized then 
that the claims of defence research must be balanced 
against the competing claims on the limited resources 
of scientific man-power in Britain, quite apart from 
the effect of the size of the Services themselves on 
the man-power available for civil industry. Now it is 
frankly admitted that such scientific advances must 
fundamentally alter the whole basis of military 
planning, though it may be doubted whether the 
future picture is yet sufficiently clear to enable a 
comprehensive re-shaping of policy to be undertaken 
with even the degree of confidence that either the 
latest White Paper or Prof. Blackett suggests. 

At least the attempt had to be made, and that 
would be sufficient reason for giving special attention 
to the present White Paper on Defence. There are, 
however, at least two other general reasons. First, 
there is frank admission that the dependence of 
Britain’s influence in the world depends first and 
foremost upon the health of her internal economy 
and the success of her export trade. Hence the 
claims of military expenditure must be considered in 
conjunction with the need to maintain the country’s 
financial and economic strength. Second, there is the 
equally frank recognition that there is at present no 
means of providing protection for the people of 
Britain against the consequences of an attack with 
nuclear weapons. 

* Defence: Outline of Future Policy. i gh 1i+10. (Cmnd. 124.) 
(London: H.M. Stationery Office +) 


et. 
t Atomic Weapons and Relations. By Prof. P. M. 

vi+107. (London: Cambridge University Paes} 

. 6d. nel 


It is the official recognition of this position for the 
first time that has so startled Western opinion, the 
more so since the White Paper goes on to work out 
the implications in policy of the consequent over- 
riding consideration in all military planning, namely, 
to prevent war rather than to prepare for it; it also 
emphasizes the view that, pending international 
agreement, the only existing safeguard against major 
aggression is the power to threaten retaliation with 
nuclear weapons, a power for which the free world 
depends to-day in the main upon the nuclear capacity 
of the United States. Britain cannot by comparison 
make more than a modest contribution, though the 
White Paper claims a wide measure of agreement 
that Britain should possess an appreciable element 
of nuclear deterrent power. 

Over the past five years defence has on an average 
absorbed 10 per cent of Britain’s gross national 
product. Even at the level of the 8-2 per cent of 
last year’s estimates, this figure was roughly double 
that of any Western European nation except the 
Netherlands (5-1 per cent) and France (7-5 per cent). 
Some 7 per cent of the working population of Britain 
are in the Services or supporting them, and one- 
eighth of the output of the metal-using industries, 
upon which the export trade largely depends, is 
devoted to defence. The White Paper admits that 
an undue proportion of qualified scientists and 
engineers are engaged on military work, and in 
addition the heavy charges arising out of the retention 
of large forces abroad place a severe strain on the 
balance of payments. 

The White Paper, which might perhaps have 
emphasized that economic needs in their turn have 
to be balanced against defence needs, points out that 
there are real overseas interests to be defended, and 
that no effective or economical defence plan is 
possible without a clear understanding of the military 
responsibilities to be discharged. Equally, there must 
be a measure of stability, though flexibility is essential 
in view both of the rapid progress of scientific 
development and the fluctuations in the international 
situation. Frequent changes in defence policy are 
wasteful and disturbing ; and when the White Paper 
calls for an attempt to establish a broad framework 
within which long-term planning can proceed, its 
meaning is unmistakable—there is no room under 
present conditions for party politics in defence. It 
will require the best efforts of both major political 
parties to hammer out in goodwill that broad frame- 
work and provide the stability and continuity needed 
as counterpoise to the flexibility demanded by 
scientific advance and international change. 

There is a further point emphasized, the implica- 
tions of which also require to be worked out much 
more fully in other fields than that of defence. No 
country can now protect itself in isolation. The 
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defence of Britain is possible only as part of the 
collective defence of the free world, a conception 
which is already the basis of the North Atlantic, 
South-East Asia and Bagdad alliances. The tendency, 
however, is towards the creation of integrated allied 
forces, and hence the importance both that each 
member nation should play its fair part in the joint 
effort and that it should also be prepared to con- 
tribute national forces, not necessarily by themselves 
self-sufficient and balanced in all respects, but con- 
stituting an efficient part of a unit which is balanced 
and operationally efficient. Britain has unquestion- 
ably been bearing a disproportionately large share of 
the total burden of Western defence, and it will be 
no simple task to reduce that contribution in agree- 
ment with her partners without adversely affecting 
the balance and efficiency of the whole. 

It follows from the dependence of peace so largely 
upon the deterrent fear of nuclear retaliation that 
defence of the bomber airfields is essential. This 
defence is regarded as a feasible task for which a 
manned fighter force, to be progressively equipped 
with air-to-air guided missiles, will be maintained, to 
be replaced in due course by @ ground-to-air guided- 
missile system. This in itself must markedly affect 
research and development. The recent agreement in 
principle for the supply of American rockets should 
offer savings in both time and money, and permit 
work to be concentrated upon more advanced types ; 
while the close co-operation with the United States 
in research on guided missiles and ballistic rockets is 
to be further developed. The decision, in view of the 
high performance and potentialities of the Vulcan 
and Victor medium bombers and the probable pro- 
gress of ballistic rockets and missile defence, not to 
proceed with the development of a supersonic 
manned bomber should also offer savings in technical 
man-power, as should the stoppage of work on new 
patterns of fighter aircraft. The closer co-operation 
on research and development contemplated within 
the framework of the Western European Union may 
also offer valuable savings in this way; but the 
increased emphasis to be placed on the development 
of nuelear propulsion for maritime purposes may well 
make big demands on technical man-power and 
resources. However, the general effect on the 
scientific and technical man-power situation of a 
defence plan involving much the biggest change in 
military policy made in normal times cannot be 
judged from the outline given in the present White 
Paper, when its implications are still being worked 
out in detail by the Services. 

Something of the order of the change can be seen 
from the figures given. It is expected the Armed 
Forces will be stabilized on an all-regular footing with 
a combined strength of about 375,000 by the end of 
1962 as compared with the present 690,000. With 
this reduced demand on man-power and emphasis on 
highly trained mobile forces, it is possible to con- 
template the abolition of National Service, with its 
uneconomic use of man-power. It is not overlooked 
that a proper balance must be maintained in the 
composition of the forces, and replacement of the 
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professional and skilled men who are now called up 
after deferment constitutes a special problem. With 
the continuous development of modern equipment, 
skilled tradesmen are increasingly important; but 
the recruitment of an adequate proportion of these 
and of scientists and technologists is essentially a 
part of the problem of the efficient use of trained 
man-power which confronts other sections of the 
national life such as industry and the universities. [t 
would appear that to some extent this is already 
engaging the attention of the Services; but the 
problem well merite inquiry on a broader basis and 
could repay attention both in civil life and in the 
Services. Indeed, the expansion of technical and 
technological education cannot be wisely or efficiently 
planned without much more fundamental examina. 
tion than this question has yet received. 

The White Paper estimates the net total defence 
expenditure for 1957-58 at £1,420 million, compared 
with the £1,700 million required by the programme 
@ year ago, but does not attempt to forecast the level 
of expenditure in later years. No decline is expected, 
however, in any way comparable with that in the 
man-power strength of the Forces. Nevertheless, 
when fully implemented, the new plan should 
appreciably reduce the burden on the economy and 
release skilled men, including many scientists and 
technicians much needed for employment in civilian 
industry. The benefits accruing, however, will depend 
both on the soundness of the judgments made in 
selecting the projects to be scrapped and the weapons 
on which reliance is to be placed, and on the extent to 
which the implications of the changes are understood 
by the nation and its way of life modified accordingly. 

On the first point, it is difficult for anyone outside 
a relatively small circle of Cabinet Ministers and 
Chiefs of Staff to suggest particular directions for 
expansion or contraction; but Prof. Blackett’s 
warning as to the danger of emotional military 
thinking leading to grossly inefficient use of limited 
scientific resources is highly pertinent, and perhaps 
especially so in regard to the Royal Navy, which is 
to be reduced to about half its present size. As the 
White Paper points out, the role of naval forces in 
total war is uncertain, and it cannot be asserted that 
it will necessarily be fatal for Britain to have a naval 
force quite inadequate to the defence even of the 
Western Approaches against submarines; it could 
equally well represent a realistic use of available 
resources in the face of new conditions. If, however, 
this great break with tradition is to be accepted, 
there must be confidence that the safeguarding of sea 
routes has been faced ; that the immense expense of 
the aircraft carrier has been accepted as a reasonable 
premium to pay for the additional safeguard of 
mobility ; that the risks are calculated and not due to 
the emotional thinking to which Prof. Blackett refers. 

It is important, therefore, that all this should be 
understood. Accordingly, not only is it desirable to 
curtail the area of secrecy to the minimum, but also 
that positive steps should be taken to encourage 
informed public discussion and understanding of 
defence policy and measures. The White Paper is 
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only the first step towards such discussion, in which 
it is essential that there should be brought out 
clearly not merely the implications of the naval 
issues but equally the extent to which the policy 
now proposed binds Britain to the United States and 
to the North Atlantic Treaty powers, the need to 
develop to the full the economic strength of the country 
as a corollary to this reduction in the defence effort, 
and the place of science in both the economic and 
defence effort of Britain. 

To offset Britain’s diminished military strength, 
the most must be made of the economic, scientific 
and technological strength of the country. Prof. 
Blackett made some important points in this respect 
in his Lees Knowles Lectures. Arguing that defence 
policy must be framed on the assumption of nuclear 
parity between East and West, he suggests that we 
have also to recognize parity rather than superiority 
in the relation between West and East in technology. 
We have indeed to give close attention to the expan- 
sion and content of technological education, unless the 
Westis tofind itself technologically inferior to the East. 

This means, too, that we must use in the most 
efficient possible manner the relatively few scientists 
and engineers that we have, whether they are working 
on military or on industrial problems. The right 
selection of the realiy important problems in defence 
technology and in industry is vitally important: in 
neither field can we afford to waste scientific resources 
on outdated problems. This is one reason why the 
new defence policy should include not merely a fresh 
look at the Defence Research Policy Committee but 
also at the whole of the nation’s organization for 
scientific research and development. It is important 
that responsible opinion should be satisfied that the 
Defence Research Policy Committee is functioning 
effectively, and that neither in defence research, in 
nuclear energy nor in any other field is Britain’s 
scientific and technical effort seriously out of balance. 

Changes which may well be required here cannot 
be planned and executed without the firm and con- 
tinuing support of a large body of public opinion, 
such as is equally required to support and implement 
the new defence policy ; and also such expansion in 
technical and technological education as the Govern- 
ment has already announced. They are, moreover, 
changes which take a period of years to effect, and, 
as Prof. Blackett has remarked, mistakes in educa- 
tional policy may take decades to rectify. Here is a 
further reason both for a determined attempt to 
explain the new defence policy and its implications 
to, the public, not only to enlist informed professional 
opinion in the discussion of particular scientific or 
technical issues and their treatment, but no less to 
explain the importance of putting the resources in 
finance, in materials and in man-power into the 
building up of Britain’s economic strength. If this is 
to be done as urgently and decisively as is required, 
there is no room for party politics. The new defence 
policy can only be made effective, the right priorities 
selected and dangerous errors avoided if it receives 
the support of widespread public understanding and 
unprejudiced and informed criticism and discussion. 


NATURE 883 


THE PHILOSOPHERS’ STONE 


Alchemy 

By E. J. Holmyard. (Pelican Book No. A.348.) 
Pp. 281+36 plates. (Harmondsworth, Mddx.: 
Penguin Books, Ltd., 1957.) 38. 6d. 


LTHOUGH there are several older histories of 
alchemy these are generally unsatisfactory. 
Some were written by enthusiasts with no real 
knowledge of the subject, and others, by competent 
authors, are now out of date. In recent years there 
has been an accumulation of new information, espe- 
cially in the field of Muslim alchemy, in the study 
of which the author of the present book has taken 
a distinguished part. As a result, such otherwise 
competent studies as those of Berthelot and Lippmann 
are no longer acceptable. A more careful study of 
Greek alchemical works has shown that these are 
very little, if at all, concerned with magic, and 
although this fact was clearly pointed out for the 
whole field of alchemy by Figuier in 1860 and has 
been mentioned by many since (including the 
reviewer), it does not seem to have been appreciated 
until it was emphasized by the late F. Sherwood 
Taylor in his book “The Alchemists” in 1951. 
Dr. Holmyard has underlined it. 

Another part of the subject which has been studied 
recently is Chinese alchemy. Some enthusiastic 
sinologists believe that this is about two centuries 
earlier than Greek alchemy, the texts of which go 
back to the earlier centuries of the Christian era. 
On the other side, we have specialists such as Well- 
mann maintaining that Greek alchemy can be traced 
back to (unknown) Neopythagorean sources earlier 
than the Chinese. Dr. Holmyard gives a fair and 
accurate account of the position, but a fuller account 
of the content of Greek alchemy would have been 
desirable, since this is the source of all later forms, 
and some enthusiastic sinologists, in claiming that 
Chinese alchemy is quite different from Greek, show 
a marked lack of knowledge of the latter. Dr. 
Holmyard’s account of Greek alchemy should be 
supplemented by that in Dr. Taylor’s book just 
mentioned, which in turn is defective in its account 
of the alchemy of Islam. 

Dr. Holmyard’s account of Muslim alchemy is, as 
would be expected, very full and informative, taking 
account of the latest researches of Kraus and other 
specialists in this field. It is rather conservative, 
since the studies of Kraus seem to indicate that we 
shall have to recognize both a Jabir and at least 
three pseudo-Jabirs, while Dr. Holmyard does not 
proceed so far in the subdivisions. Both in this 
chapter and the succeeding one dealing with the 
transmission of alchemy from Islam to Europe the 
information is much sounder and more modern than 
in other books. A knowledge of alchemy came to 
the West from the Arabs and was erroneously thought 
to have originated with them; it was really much 
older and came from Alexandria. 

The later chapters deal with symbolism, with 
Paracelsus, some English, Scottish and French 
alchemists, and some accounts of alleged transmuta- 
tions. Here again, much modern research is included. 
Van Helmont is mentioned only once in passing, 
perhaps because he represents the transition from 
alchemy to the beginning of modern chemistry with 
Boyle. 

Dr. Holmyard’s book is written in a very readable 
and distinguished style, quotations from the originals 
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beimg freely given, and it contains a number of clear 
and very interesting plates. It ends with a short 
glossary and two indexes. It is described on the 
cover as “‘the story of the fascination of gold and the 
attempts of chemists, mystics, and charlatans to find 
the Philosophers’ Stone”. It tells this story in a 
masterly way and it can be warmly recommended to 
specialists, who will find no faults in it ; to chemists, 
who will gather from it the origins of their science ; ; 
and to readers with little knowledge of alchemy or 
chemistry, who will be both instructed and enter- 
tained. It makes clear the fascination which alchemy 
exerted over so many centuries, and points out the 
very different course of development of chemistry as 
compared with other sciences such as physics or 
biology. The book is very well produced and is 
very good value for money. J. R. PartTIneTon 


BATTISTA GRASSI: CENTENARY 
CELEBRATION 


Symposia Genetica Volume 4: in Onore di Battista 
Grassi nel Centenario della sua Nascita 

Pp. x+5l1l. (Pavia: Tipografia del Libro—Soc. 

A.R.L., 1956.) 8500 lire; 13.50 dollars. 


‘HE celebration of the centenary of Battista 

Grassi’s birth in Symposia Genetica is an indica- 
tion of the broad conception of the functions of this 
publication. Indeed, the editorial preface concludes 
with the announcement of a change in its title to 
“Symposia Genetica et biologica italica”. Grassi 
himself, who never worked upon problems of genetics, 
is regarded as having fathered a movement towards 
the synthesis of studies of embryology, parasitology, 
ecology and taxonomy in relation to a core of 
heredity. 

An interesting description of the organization and 
aims of the Centro Apennino, with emphasis upon the 
Battista Grassi Laboratory of micro-bio-parasitology, 
is followed by @ somewhat uncritical, but none the 
less important, biography entitled ‘“Onoranze a 
Battista Grassi”, including a complete bibliography 
of his publications between 1874 and 1900. _ The later 
works, on the transmission of malaria, are omitted, 
having been reserved for separate consideration at 
some later date. There follow some sixty pages 
which belong to the more spacious days when pub- 
lishers could light-heartedly disregard limitations of 
space. It seems unlikely that even a passing interest 
may reside in the hundreds of congratulatory messages 
of the world’s universities and academic societies, and 
their omission would have reduced considerably the 
formidable price of the book and detracted in no sense 
from its value. 

Nearly half the work consists of an extraordinary 


variety of letters of appointment to and acceptance . 


of various posts, of recommendation to promotion, 
tendering honours from academic societies, letters 
from his students to their master and finally ex- 
changes of zoological comment from his contem- 
poraries throughout Europe. The latter provide 
much interesting comment upon the state of the 
science and upon the honour and in which 
Grassi was held. It is unfortunate, however, that they 
have not been more adequately edited. Having 
been set up from manuscript in half a dozen 

they contain many glaring errors which should have 
been corrected by someone familiar with both the 
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of the correspondent and the personalities 
to whom they have referred. Moreover, Grassi, as 
is well known, was protagonist in more than one 
acrimonious dispute, and it is regrettable that the 
free personal criticisms which several correspondents 
allowed themselves in private letters should be sub- 
jected now te the light of publication. 

There follow the memoirs contributed by the 
Russian delegation which arrived too late for the 
celebrations at Como, the papers in consequence 
being delivered later in 1954 at the Istituto Spallan- 
zani of the University of Pavia. Briefly, these com- 
prise two summary reviews of the state of helmin- 
thology and agricultural microbiology respectively 
in the U.S.S.R. and six original papers on diverse 
subjects. The later inclusion of a hitherto unpublished 
letter dated November 29, 1780, from Spallanzani to 
Gemello Villa is of some historical interest, but does 
not appear to be closely relevant to the theme of the 
work. L. A. Harvey 


CHEMICAL ACTIVITIES OF THE 
PROTOZOA 


Biochemistry and Physiology of Protozoa 

Edited by 8. H. Hutner and André Lwoff. Vol. 2. 
Pp. xiii+388. (New York: Academic Press, Inc. ; 
London: Academic Books, Ltd., 1955.) 9 dollars. 


URLNG the four years which have elapsed since 
the appearance of the first volume of this publi- 


cation (reviewed in Nature, 169, 895; 1952) consider- 


able advances have been made in our knowledge of 
the biochemistry and physiology of the Protozoa. 

These are reflected in the contributions to the second 
volume, which is introduced by 8. H. Hutner, who 
gives a general review of recent achievements in this 
field and of problems still in need of elucidation, with 
special reference to the role of Protozoa as tools in 
comparative biochemistry and phylogeny. The second 
chapter, by 8S. H. Hutner and L. Provasoli, deals with 
the comparative biochemistry of various Phyto- 
monadine and Zoomonadine flagellates. Among the 
questions discussed are the algal origins of phago- 
trophic species, the nutrition of certain phyto- 
flagellates, the cultural requirements of Trypano- 
somidae, the metabolic activities of Trichomonads, 
and the physiology of vitamin B,, in flagellates. In 
the third chapter, S. A. Barker and E. J. Bourne deal 
with the composition and synthesis of starch in the 
colourless flagellate, Polytomella. The next two 
chapters, by W. J. van Wagtendonk, are devoted to 
the nutrition of ciliates, and to the role of metabolites 
in encystation and excystation of Protozoa. In the 
following chapter, G. R. Seaman provides a detailed 
account of the metabolism of free-living ciliates. In 
the seventh chapter, R. E. Hungate discusses nutri- 
tion and metabolism in the symbiotic ciliates and 
flagellates of ruminants and insects (termites and 
cockroaches), respectively, in the light of their rela- 
tionship to the corresponding hosts. A chapter 
by M. Sussman is devoted to the physiology of ame- 
boid slime moulds (Myxomycophita Acrasiales or 
Mycetozoa) at different of their life-cycle. 
This is followed by a chapter, by L. G. Goodwin and 
I. M. Rollo, devoted to the chemotherapy (especially 
with newer drugs) of malaria, piroplasmosis, trypano- 
somiasis and leishmaniasis, special consideration 
being given to the correlation between chemothera- 
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peutic action and the metabolic activities of the 
parasites. In the last chapter W. Balamuth and P. E, 
Thompson deal with the physiology and biochemistry 
of free-living and parasitic amcebs, on one hand, 
and with amesbicidal drugs and their modus operandi 
against Entamoeba histolytica, on the other. 

Each chapter is followed by a list of references, and 
at the end of the book there are author- and subject- 
indexes. 

Like the first volume, the second is a symposium, 
the ten papers of which—written by recognized 
authorities—deal with diverse chemical activities in 
a variety of Protozoa, and contain important data of 
great value to protozoologists, physiologists and 
biochemists. There can be no doubt that the two 
volumes (and any which might follow) will provide 
the necessary material for the integration of the 
subject-matter in a publication where both the 
organisms and their chemical activities are 
in systematic order. C. A. Hoare 


WATER MITES OF THE WORLD 


Die Milben des Siisswassers und des Meeres 

Hydrachnellae et Halacaridae (Acari). Von Dr. Karl 
Viets. Zweiter und dritter Teil: 
Nomenklator. Pp. iv+870. (Jena: Veb. Vv 
Fischer Verlag, 1956.) 94 D.M. 

1758 Linnaeus listed a single species of water mite 
in his “Systema Naturae”. Some twenty years 
later O. F. Miiller described, in an exemplary manner, 
forty-nine species from Denmark. Our knowledge of 
the group has continued to grow so that Dr. K. Viets 
now lists some 2,800 species of Hydiachnellae plus 
270 or 80 species of the Halacaridae, and he visualizes 
further expansion of the list when the lesser-known 
parts of the world are examined. These are not always 
remote ; for example, no water mites have yet been 
recorded from Luxemburg or Albania. 

The first part of this work was published in 1955 
and comprised a bibliography of water mites up 
to the end of 1953. The present volume forms the 
second and third parts, together with a supplementary 
bibliography to the middle of 1955. The second part, 
occupying 700 pages, is a catalogue of the water mites 
of the world. This is not just a list of the generally 
accepted names. The authority, date and full 
synonymy are given for each taxonomic category, 
with cross-references to the bibliography. The loca- 
tion of descriptions of both sexes and of larval stages, 
if known, is given. The geographical distribution of 
each species is also given, in terms of continents 
with some details of countries, particularly in 
Europe. 

The classification used in the catalogue i is one largely 
pioneered by Dr. Viets and used in his monograph in 
the ““Tierwelt Deutschlands” series. Dr. Viets, rather 
naturally, prefers his own classification of the Rhom- 
bognathinae to that put forward by Newell. Time, 
and further work, will eventually settle this par- 
ticular controversy. Meanwhile the classification 
adopted does not influence the effectiveness of the 
book. 

The third part, or ““Nomenklator’’, is a series of 
most useful indexes, giving page references to the 
catalogue. First there is a list of the higher taxonomic 
categories. Second, an alphabetical list of genera and 
subgenera, with the species and subspecies arranged 
alphabetically under each genus. Finally, there is an 
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alphabetical list of specific names indicating the 
genera in which each name has been used. A feature 
of importance is that these lists include all the 
synonyms, so that it is possible to trace the names of 
species described or listed in any of the older works. 
This book has been designed to work with, and it 
has a most impressive completeness. The specialist 
will use it as a constant reference book, and for the 
beginner it provides a key to the whole literature and 
synonymy of the group. The science of zoology would 
be greatly benefited if more groups of animals were 
covered by books of this authority and comprehensive- 
ness. It is regrettable that there is no modern list 
of the animals of the world. The present volume 
illustrates the difficulties and the labour involved in 
compiling such a list, but it also shows that the job 
could be done, if only systematists were encouraged 
by wider recognition of their work. J. GREEN 


DAIRY CHEMISTRY 


A Textbook of Dairy Chemistry 

By Dr. Edgar R. Ling. Third edition, revised. 
Vol. 1: Theoretical. Pp. ix+227. 21s. net. Vol. 2: 
Practical. Pp.xi+140. 16s. net. (London: Chapman 
and Hall, Ltd., 1956.) 


po gay the second edition of this text-book appeared 
in 1944, much new knowledge has been gathered 
in the field of dairy chemistry, and the author has 
incorporated all that is essential in this revised 
edition. By using good judgment and sensible 
restraint, he has succeeded in bringing the text up to 
date without any undue increase in its length. The 
general lay-out remains unchanged. Vol. 1 deals 
largely with the constituents of milk, and the com- 
position and properties of milk, cheese, butter and 
other dairy products; Vol. 2 with appropriate 
methods of testing. Formule are widely used to 
help the more advanced reader, but the language is 
sufficiently simple to assist those with but an 
elementary knowledge of istry. More than 
ever, therefore, the text-book—and particularly the 
first of the two slim, moderately priced, and attrac- 
tively bound volumes—should find its place on the 
shelves not only of teachers and students, but also 
of advisers and those engaged in dairy research and 
technology. The latter will find much food for 
thought in such chapters as that on the composition 
of milk (Chapter 3, Vol. 1), which is particularly well , 
balanced and includes a discussion of topical prob- 
lems, such as the decline in the compositional quality 
of milk in Britain. 

There is, however, still room for improvement. 
The present text contains an uncomfortable number 
of misprints. Some of the illustrations to Vol. 2 are 
poor, and the rather simple and incongruous Fig. 21), 
depicting a stopper and a brush as used in connexion 
with the Gerber fat-test, could be eliminated with 
advantage. In a book designed primarily for educa- 
tional purposes, references should be given in a 
consistent and systematic manner. Authors’ initials 
should be used throughout; how otherwise, for 


example, is the reader to know that the four references 
to Palmer in Vol. 1 refer to three different people ? 
But these are blemishes that can easily be put right. 
All in all, the text-book is well on the way to becoming 
a ‘classic’-—and deservedly so. 

R. ASCHAFFENBURG 


es 
as 
ne 
he 
b. 
= 


886 NATURE 


May 4, 1957 VOL. 179 


THERMONUCLEAR POWER: A THEORETICAL INTRODUCTION 


By W. B. THOMPSON 
Atomic Energy Research Establishment, Harwell, Berks 


T present nuclear power is produced by fission, 
& process whereby a heavy nucleus is broken 
into fragments and some of its binding energy 
released. Since nuclei of medium atomic weight are 
the most tightly bound, it should be possible to 
release binding energy by the fusion of light nuclei, 
& process which is believed to be the source of the 
Sun’s heat. If nuclear fusion can be controlled 
probably the isotope deuterium must be used as a 
fuel, and although this isotope forms only 1 part in 
5,000 of natural hydrogen, so great is the energy 
released by each reaction (about a million times that 
in a chemical reaction) that the deuterium in the sea 
forms an inexhaustible fuel supply, the energy 
released by fusing the deuterons in a gallon of water 
being a hundred times that produced by burning a 
gallon of petrol. To use this excellent fuel, however, 
stringent physical conditions must be produced, and 
in this article I propose to describe these conditions 
and some physical processes by which they might be 
realized. 


The Fusion Process 

In studying the fusion process it is first necessary 
to estimate the probability of two light nuclei sticking 
together when they collide. This is done by com- 
paring the effective cross-section for reaction of with 
the cross-section so, for elastic scattering. Unless the 
collidmg nuclei approach one another with consider- 
able energy, the electrostatic repulsion between their 
charges will prevent them from striking each other, 
and it is this repulsion that determines the form of the 
reaction cross-sections at low energies : 


o, = A E> exp {— B E-*"} (1) 


where E is the relative energy (energy relative to 
centre of mass) of the colliding particles, A a con- 
stant depending on the particular reaction, and B 
another constant proportional to the product of the 
charges. The exponential dependence of o, on charge 
indicates that we need consider only reactions between 
nuclei having small charges, and in particular the 
reactions between the isotopes of hydrogen, deuterium 
and tritium : 


D+D — + n + 3-6 MeV. 
D+D—-T +p+4 MeV. 
D+T — Het +n + 17-6 MeV. 


At 100 keV. bombarding energy, the combined 
cross-section for the first two reactions is approx- 
imately 0-03 barn, while for the third the cross- 
section is approximately 5 barns’ (1 barn = 10-*4 
cm.?). 

The elastic scattering cross-section with which 
these must be compared may be written approx- 
imately as : 


=~ 10*/E* barns (2) 


where the relative energy H is measured in ke\. 
Since even at 100 keV. this is an order of magnituce 
greater than the reaction cross-section, nuclear 
reactions are rather unlikely on a collision at this 
energy. This has an important consequence: fusion 
energy will probably be obtained from thermonuclear 
reactions, that is, from reactions occurring on cvul- 
lision between nuclei in a mass of hot deuterium gus, 
in approximate thermal equilibrium. If an attempt 
is made to use a beam of moderately energetic 
deuterons striking a deuterium target few reactions 
will occur; instead, the beam will be scattered, 
sharing its energy with the deuterium in the target 
until nothing is left but a hot gas. 


Thermonuclear Reactions 


The temperature needed for producing thermo- 
nuclear power can be determined by studying the 
energy balance in the hot gas, that is, by comparing 
the rate at which the gas loses heat with the rate at 
which nuclear energy is released. To calculate the 
energy production we must first take a proper average 
of o, over all collisions, thus obtaining the reaction 
rate r, which may be written : 


r=n,n,P 


where ”, 3 is the number of pairs of particles in a 
unit volume, that is, the product of the number 
densities of the two reacting particles if these are 
different, and one-half the square of the number 
density if only one type of particle is involved. P, 
the reaction probability, is a function of temperature 
alone for any given reaction. If the cross-section has 
the form of equation 1, it has been shown that? 


P ~ exp {— (T/T) } 


where T, ~ 7 x 10% degrees K. for the reactions of 
interest to us. The power produced is the product of 
the reaction-rate and the energy released per reaction, 
17-6 MeV. for tritium + deuterium and 3-8 MeV. 
for deuterium + deuterium. The latter reaction is 
complicated by the fact that two of the reaction 
products, helium-3 and tritium, are capable of 
secondary reactions and if kept in the hot gas increase 
the energy produced to 21-6 MeV. per primary 
reaction. In Fig. 1, I have shown the power produced 
per cubic centimetre from a gas containing 10'* 
deuterons per cm.*, and one containing 10'* tritons 
per e.c. in addition. This shows that very little 
power is produced until the temperature reaches 
10’ deg. K., although the associated neutron pro- 
duction is readily measurable at a million degrees. 
The energy loss is easily calculated with the 
optimistic assumption that no particles from the hot 
gas reach the walls of the containing vessel. Under 
these conditions, energy is lost by radiation from the 
body of the gas, mainly in the form of bremsstrahlung 
produced when electrons are deflected by ions. As 
this process is characterized by a constant cross- 
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section’, the radiated power increases only 19 
as T?/? and at high temperatures can be 
compensated by the release of nuclear 
energy. Note that this radiative process 10° + 
occurs in @ transparent body, and differs 
from the radiation loss from the surface 10° + 
of a black body, which increases as 7'*. 
An opaque mass of deuterium would 
contain too much stored energy to be a 
controllable power source. 

Since both the energy production and 
the radiation loss are proportional to the 


them depends solely on temperature. If 
the charged reaction products can be 
trapped in the hot gas they will increase 
its energy content, and the rate of in- 
crease in energy exceeds the radiation loss 10? L 
when the temperature exceeds about 10* 
deg. K. for deuterium + deuterium and 
6 x 10° deg. for tritium + deuterium ; 
hence at these temperatures the reactions 
become self-sustaining. 10 + 
In calculating this energy balance 
1 have assumed that no heat is carried 1 


square of the density, the ratio between | Radiated, 
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away by particles; but this cannot be 10° 
the case. Rather, particles will stay 

in the hot gas for some average time 7, Fig 
then escape carrying away their thermal 

energy which must be replaced 

the release of nuclear energy. Since each escaping 
particle carries off 1-10 keV. and each reaction pro- 
duces 1-20 MeV., at least 0-1 per cent of the reacting 
matter must be burnt during the mean life of a 
particle. The reaction-rate varies as n*, where n is 
the particle density, and the rate at which particles 
carry off energy as n/t; hence this is @ constraint on 
nt which at reacting temperatures must exceed 
sec. cm.~*. 


Isolation of the Hot Gas 

To reach the reacting conditions it is necessary to 
keep the hot gas away from the walls of its container 
in order to reduce its effective thermal conductivity 
to a very low value. From equation 2 we can estimate 
the mean free path of a particle, which at a density 
of 101* cm.-* and a temperature of 10° deg. is about 
one metre; hence, transport processes are remark- 
ably efficient. In particular, the thermal conductivity 
is about @ million times that of metallic copper and 
there is no hope of using a star as a model and 
building a vessel so large that the heat flow to the 
surface is @ negligible fraction of the total energy 
content. Under these conditions of temperature and 
density, however, the gas is completely ionized, 
becomes an electrical conductor with a resistivity 
about 1/300 that of copper, and responds readily to 
electromagnetic fields. This suggests that such fields 
might be used to isolate a volume of hot gas from its 
material surroundings. 

The interaction of a conducting fluid and an 
electromagnetic field has been studied fairly inten- 
sively as magneto-hydrodynamics, usually in a rather 
simplified way. It is assumed that the current 
density is related to the electric and magnetic fields 
# and H by a local Ohm’s law : 


j = oft x (3) 


where o is the electrical conductivity-and E* is the 


10° 10° 10* 10° 
Temperature (° K.) 


Thermonuclear power balance. Powers calculated for density 
n = 10" 


effective electric field acting on an element of fluid 
moving with velocity v. A straightforward appli- 
cation of Maxwell’s equations then shows that if the 
fluid is a perfect conductor the magnetic field lines 
are trapped in the fluid, that is, the magnetic flux 
threading a closed loop fixed in the fluid remaims 
constant as the fluid moves. This is an inductive 
effect ; if the flux through the loop were to change, 
an electromotive force would be induced arcund the 
loop causing an infinite current to flow and the flux 
to return to its original value. If the conductivity is 
finite this is not quite true, and the field diffuses 
through the fluid at a rate determined by c*/4zxo, 
where c is the velocity of light and the conductivity 
o is in electrostatic units. 

The magnetic field plays more than a passive part, 


— 
since it exerts on the fluid a force of density 3 I3* H. 
For static equilibrium this must balance the pressure 
gradient : 
1 H — grad p =0 (4) 


an expression which in certain geometries takes on 
the simple form : 


grad p* = grad (p +52) = 0 


The magnetic component H?*/8x of the pressure can 
be quite large; for example, a field of 5,000 gauss 
produces a pressure equivalent to one atmosphere, 
while a field of a million gauss produces a pressure 
of about 4 x 10!° dynes/cm.*, roughly equal to that 
of a perfect gas of 10'* particles per cubic centimetre 
at a temperature of 10* degrees. Thus a properly 
shaped magnetic field of sufficient strength might 
contain a mass of deuterium in the conditions needed 
for releasing thermonuclear power. 

If instead of the magneto-hydrodynamic equations, 
kinetic theory is used to sum the motion of individual 
particles, similar’ results are obtained. Instead of 
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following straight paths between collisions, a particle 
executes circles about a guiding centre which moves 
freely along a straight line of magnetic force and 
responds in a fairly simple way to magnetic field 
curvature and electric fields. Because of this motion, 
transport processes become rather complex, transport 
across @ magnetic field is hindered and in particular 
equation 3 retains only a limited validity. However, 
equation 4 still holds, and with it the possibility of 
magnetic containment. 


An Almost Possible Thermonuclear Reactor 


There is one simple hydromagnetic system which 
looks hopeful as a thermonuclear reactor, namely, 
the self-constricted discharge. If a great enough 
electric field is applied to a gas, the gas is ionized 
and an electric current 7 flows. The current produces 
a magnetic field H, and interacts with this field, 


producing a force t .j x H directed towards the axis 


of the current channel. If the current is large enough, 
the ionized gas is pulled away from the walls of the 
containing vessel. Because of this, heat loss is reduced, 
the temperature rises, the resistivity drops, and if the 
external circuit permits, the current and magnetic 
field increase. Such a pinched discharge can easily 
be produced by applying a voltage between electrodes 
in a low-pressure gas, but the electrodes remain in 
contact with the gas and carry off heat. A method 
which avoids this uses the gas as the secondary of a 
transformer so that the electric field is induced in a 
closed loop and the current flows in a ring. The 
discharge is then intermittent but is completely 
isolated by its own magnetic field. 

In the pinched discharge, the balance between 
kinetic and magnetic pressure implies the following 
relation between the total electric current and the 
thermal energy : 


I? = 2NkT (5) 


where J is the current in electromagnetic units, N is 
the number of particles per cm. length, k is Boltz- 
mann’s constant and T is the temperature. Further 
relations between current, temperature, particle 
density and electric field are obtained from the 
energy balance and Ohm’s law, which is at least 
approximately valid. If the discharge is isolated 
from the walls, heated only by the electric current 
and cooled only by radiation, it has been shown‘ that 
the current has a constant value 


I = 10° amp. 


If in an attempt to raise the current the electric field 
is increased, the discharge is compressed further and 
radiation cooling and resistance are increased in such 
@ way that the current and temperature remain 
unchanged. Since the product NkT is fixed by 
equation 5, only 10'* particles/em. can be heated to 
a temperature of 10° degrees. These can be contained 
in a cylinder of 1 cm.* cross-section by an applied 
field less than 0-1 volt/em. Under these conditions, 
charged reaction products are trapped in the dis- 
charge and thermonuclear power is produced at a 
rate of about 200 megawatts per metre of discharge, 
and all the fuel is exhausted in 0-1 sec. Unfor- 
tunately, it also takes about 0-1 sec. for the magnetic 
field to diffuse through the discharge, hence energy 
is given to the gas rather slowly and it is doubtful if 
equilibrium can be reached. 
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The constricted discharge might be used in another 
way that does not require a steady state. If the 
current flows only on the surface of the discharge, it 
produces a compression and raises the temperature 
by adiabatic heating. An increase in temperature by 
a factor of 10* can be produced by decreasing the 
volume by a factor of 10°; thus if we start with a 
cylinder of radius 10 cm. and a temperature of 
10,000 degrees K., then suddenly collapse it to a 
radius of 0-1 mm., the temperature rises to 1(* 
degrees. This must be done rapidly and a large electric 
field is needed ; for example, if the initial density is 
10'* particles per c.c., a field of 3,000 volts per cm. 
will produce the necessary compression in one micro- 
second. The stored energy in the compressed <(iis- 
charge is about 100 joules per cm. length; but if 
the compression can be maintained for one milli- 
second, about 1,000 joules of nuclear energy will be 
produced per centimetre length, about half of which 
is lost as bremsstrahlung. This system has the great 
advantage that the charged reaction products com- 
municate some of their energy directly to the mag- 
netic field, being deflected in such a way as to increase 
the current flowing, a fact which may permit energy 
to be taken out directly as electricity. 


Plasma Instabilities 


If nothing interfered with the processes describe 
above, either of the two schemes mentioned could 
be developed directly into a fusion reactor. Unfor- 
tunately, they are rendered useless by instabilities. 
An ionized gas confined by a magnetic field is subject 
to many instabilities of which the easiest to under- 
stand is probably the wriggling of a constricted 
discharge. If a straight current channel bends, the 
magnetic field is compressed on the concave side, the 
magnetic pressure increased locally and a force pro- 
duced which increases the bending. This force is 
easily shown to be proportional to the curvature of 
the current channel and can be approximated by : 

R 
F= R 
where F is the force per unit $c I is the current, 
R is the radius of curvature and r, is the channel 
radius. From this it follows that a small sinusoidal 
perturbation of wave-length A will increase expon- 
entially with time, as exp t/t, where 
m 


where M is the mass per unit length, m the average 
mass of a particle, cy = im kT /m the sound velocity 
and equation 5 has been used to eliminate J. For 
deuterium at 10* deg., cs ~ 10* cm./sec. ; hence long 
before any power is produced from the reactor 
described above, the cylindrical discharge channel 
will be destroyed by instabilities. 

It is these violent instabilities that make impossible 
the simple scheme described earlier and that form 
the most serious obstacle to the controlled release of 
thermonuclear power. In an attempt to overcome 
these obstacles, a host of challenging problems is 
met, ranging from the most practical to the most 
theoretical. Among the latter are the mathematical 
problems associated with magneto-hydrodynamic 
stability, a stage more complex than the already 


difficult problem of hydrodynamic stability. It is 
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necessary both to search for stable configurations, 
with associated geometrical complications, and to 
try to understand the nature of the unstable flow 
patterns, @ problem similar to fluid turbulence. 
Then, it must be remembered that magneto-hydro- 
dynamics gives only a rough picture of an ionized 
gas and there is a range of problems associated with 
the kinetic theory of a fluid composed of particles 
interacting through magnetic fields. T'inally, there 
are unanswered questions at the basis of the entire 
theoretical strueture. What constitutes a collision 
between particles interacting by a long-range force 
such as an electric field ? Under what conditions can 


N the evening of March 13, following last year’s 

precedent, a well-attended open discussion 
meeting, organized by the Malacological Society of 
London, was held in the rooms of the Linnean 
Society. Prof. A. Graham, of the University of 
Reading, was in the chair, and the topic was “The 
Gastropod Shell’. 

Dr. L. R. Cox, of the Department of Paleontology, 
British Museum (Natural History), referred first to the 
general questions of the origin of the Gastropoda and 
of asymmetrical coiling. The class owes its dis- 
tinetive features to the episode in early ontogeny 
known as torsion ; and the theory now most favoured, 
that of Garstang, is that torsion originated as a 
genetic mutation affecting the larval stage of some 
primitive mollusc. The view of Wenz and Knight was 
that this ancestral form belonged to the supposedly 
long extinct, cap-shaped Monoplacophora, which had 
been thought to have had an internal organization 
similar in many respects to that of the chitons; the 
rearrangement of respiratory, excretory and other 
internal organs consequent upon torsion could have 
favoured the development of an extended visceral 
mass which soon proved to be best accommodated in 
a coiled shell. The important discovery has, how- 
ever, recently been made of a surviving monoplaco- 
phoran (Lemche, Nature, 179, 413; 1957), and its 
metameric organization suggests that this group, if 
ancestral to the gastropods, was more distantly so 
than has been supposed. Significant also is the 
observation that this modern monoplacophoran has 
a coiled protoconch, suggesting that a tendency to 
spirality existed before torsion. 

The bellerophonts, in which the shell has complete 
bilateral symmetry, are the earliest true torqued 
gastropods known to the paleontologist. In all 
modern coiled gastropods the shell is asymmetrical, 
and in most of them a dextral shell is associated with 
dextral soft parts (genitalia on the right). An asym- 
metrical gastropod could develop from one with 
&@ symmetrical (isostrophic) shell and dextral or 
potentially dextral soft parts in two ways—when the 
animal’s head faces to the front the spire could 
protrude either to the right (giving the typical ortho- 
strophic dextral shell) or to the left, giving an appar- 
ently sinistral shell best referred to as hyperstrophic. 
The hyperstrophic condition, now so rare in the adult 
shell, was explored in Lower Paleozoic times by a 
whole superfamily of gastropods, the Macluritacea, 
but evidently proved less successful than ortho- 
strophic coiling. The heterostrophic protoconch of 
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Boltzmann’s equation describe a system composed. of 
such particles? Some of these problems present 
conceptual difficulties and most of them tax mathe- 
matical ingenuity. Any that are solved may con- 
tribute to the production of thermonuclear power, 
and all will contribute to our understanding of 
important processes in Nature. 
1 

* Heitler, W., “The Serr Theory of Radiation”, 172 (2nd edit., 

Oxf. Univ. Press, 1944). 
‘ Pease, R. S., Proc. Phys. Soc., B, 20, 11 (1957). 


many living opisthobranchs, constituting the larval 
shell, is, in fact, hyperstrophic. The change from 
hyperstrophic to orthostrophic coiling when the 
gastropod begins life as a creeper on the sea-floor 
appears to demand some explanation. 

The paleontologist, accustomed to subject every 
structure of the shell to careful scrutiny to assess its 
taxonomic importance, is constantly led to ask what 
is its functional significance. Reliable answers to 
many questions have not yet been found and must 
be based on careful observations on living gastropods. 
Certain features of the outer lip of the aperture are a 
case in point. It has always been assumed that the 
slit found in the pleurotomarians and bellerophonts 
is for the exhalant current, and this has been con- 
firmed by observations on living zygobranchs, such 
as Haliotis. The sinus at or near the adapical end of 
the outer lip in the Turridae and Conidae is commonly 
assumed to have an exhalant function. In the 
Cerithiidae and other families a channel-like exten- 
sion of the aperture is referred to as a ‘posterior 
canal’ and regarded as an exhalant channel ; but the 
extinct cerithiid genus Vicarya had also a deep labral 
slit like that of the pleurotomarians. Is the long 
canal-like adapical extension of the aperture in Tibia 
and Strombus an exhalant channel ? Some Strombus 
have both this channel and a sinus in the outer lip 
near the suture recalling that of Conus. The long, 
narrow, canal-like adapical extension of the aperture 
in Rimella is often interpreted as exhalant, but is 
perhaps merely a labral digitation of unknown func- 
tion. In Aporrhais, as shown by Yonge, the exhalant 
current passes through a sinus below a comparable 
digitation adhering to the spire. Finally, what is the 
significance of the great differences in the curves of 
the outer lip in various Turritellidae ? 

Dr. A. Comfort (University College, London) dis- 
cussed the pigmentation of shells, illustrating his 
remarks with colour slides and chromatograms. The 
shell pattern is produced by the activity of pigment- 
depositing points or areas in the mantle edge—the 
intermittency or apparent movement of these points 
is projected in the pattern, and can be followed stage 
by stage. The pigment-producing cells appear to 
show periodicities like those of feather melanoblasts, 
and there is in many cases a tendency for pigment 
production to spread outward along the mantle edge 
from a focus, dying out in its original site, and pro- 
ducing the typical V-shaped and Y-shaped pattern 
elements found in many marine shells. The pi 
present in the protein and calcareous layers of shells 
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fall into two sharp groups ; in the archzogastropods 
they mg® ominantly acid-soluble, pyrrolic sub- 
stances, as in all pulmonates and most higher 
they are non-extractable protein-bound 
materials. Uroporphyrin occurs in large amounts 
in archzogastropod shells, and also in a few 
other groups (tectibranch opisthobranchs, certain 
Cypraeidae, etc.). In others (Turbo, Haliotis), it is 
apparently replaced by linear tetrapyrroles often of 
an unusual kind and in mixtures which paper 
chromatography has shown to be highly complex. 
tso-Uroporphyrin also occurs in some Trochidae. 
Coproporphyrin has not been found. 

The source and function of these substances are not 
known, but are possibly dietary, the shell providing a 
means of of porphyrins or their degradation 
products. The colour of pulmonates (Cepaea) has, 
however, been shown experimentally to influence 
selection by predators, and the complexity of shell 
pigmentation in other forms makes it difficult to 
believe that it has no similar adaptive function. 

Dr. D. R. Crofts (Queen Elizabeth College, London) 
dealt with the subject of “Muscles and Torsion in 
Gastropods”’. Garstang, in 1929, made the suggestion 
that torsion might have originated ancestrally during 

pelagic larval development in response to larval 
needs, bringing the mantle cavity with its contents 
into a dorsal position behind the head and so allowing 
for the withdrawal of the head and foot within the 
shell for protection. This position of the mantle 
cavity was by no means an advantage to the adult, 
allowing no free elimination of the waste products of 
respiration and excretion. Garstang emphasized that 
further changes, therefore, became necessary in the 
creeping adult because of torsion. Garstang’s hypo- 
thesis was that a genetic mutation, having its pheno- 
typic expression effective in the veliger stage, could 
have involved a pair of asymmetrical larval retractor 
muscles, namely, a right-hand head retractor with a 
posterior shell attachment and a left-side foot 
retractor with a more forward shell attachment, 
working more or less at right angles to one another. 
Ancestrally these two muscles might have brought 
about the whole 180°-torsion which Boutan (1898) 
thought took place in a few minutes. 

From recent work on muscle development in 
primitive gastropods it is obvious that only one of 
the two muscles postulated by Garstang exists at 
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the time larval torsion begins, This is the asym- 
metrical retractor developed from the mesoderin 


‘band of the pretorsional right side, having a posterivr 


shell attachment on that side: the anterior attach- 
ments on the right retract the mantle and head, while 
those on the left curve dorsally over the gut and 
retract the left side of the head and foot. The 
retraction of this single asymmetrical muscle is 
responsible for the first part of the rotation and thus 
this muscle appears to be the primary ontogenetic 
cause of torsion. It might be the right member of 
an ancestral pair of muscles; the other member 
might be the post-torsional muscle of the right side 
(the adult columellar muscle), which is delayed in 
development until the second phase of torsion, 
during which the shell fixation of the original larval 
retractor migrates towards the final left side. At 
the completion of torsion the two muscles are equal 
in size. Their further modification does not occur 
until post-larval development. The two laterally 
placed equal muscles closely correspond with those 
of the adult Scissurella and might represent the two 
symmetrical retractor muscles of ancestral gastro- 
pods, the scars of which were discovered in the 
Palzozoic bellerophonts by Knight (1947). Contrary 
to general supposition, the early larval retractor does 
not become the columellar muscle. Lemche’s study, 
at the Copenhagen Museum, of the organization of the 
muscle cells in the living monoplacophoran, which has 
not undergone torsion, is awaited with great interest. 

In the ensuing discussion, to which a number of 
those present contributed, Dr. John Morton remarked 
that the long adapical canal of Rimella corresponds 
exactly in position to what would be needed for an 
efferent canal were the mollusc to burrow, as appears 
likely, like Aporrhais and Struthiolaria. In general, the 
expanded outer lip in the Strombacea could be an 
adaptation, perhaps as a canopy against the fall of 
sediment ; a small sinus low on the lip is to let out 
the right eye stalk, the left one coming out from the 
anterior canal. Dr. Comfort’s picture of the dis- 
tribution of porphyrin pigments in shells, chiefly in 
archzogastropods, primitive tectibranchs and prim- 
itive mesogastropods, previously difficult to explain, 
makes very good sense if fitted in with a postulated 
radial derivation of pulmonates, opisthobranchs, and 
higher mesogastropods from archzeogastropods. 

L. R. Cox 


AEROBIOLOGY 


EROBIOLOGY may be defined as the study of 

the aerial transport of plants and animals or 
viable parts thereof, including flying animals (such as 
insects) in so far as passive movement is @ major 
factor in their dispersal. A three-hour symposium 
on the subject was held by the Linnean Society 
of London on February 21, the president, Dr. H. 
Hamshaw Thomas, being in the chair. 

The first speaker, Dr. J. M. Hirst (Rothamsted 
Experimental Station, Harpenden), said that, al- 
though spore dispersal is essential for the fertilization 
of many plants and for the wide distribution of 
saprophytic moulds, these had received less 
attention than had the harmful effects of spores to 
man: direct effects in the form of allergic reactions 
or indirect in the form of plant diseases. For the 
study of both these kinds of effects it is necessary to 


catch spores. Critical examination by Prof. P. H- 
Gregory of the various kinds of spore trap in use up 
to 1950 showed that freely exposed traps could never 
provide unbiased estimates of all constituents of the 
air spora at the frequent intervals necessary to show 
that their numbers were affected by changing 
weather. A new trap based on May’s cascade 
impactor was therefore devised. This, the automatic 
volumetric spore trap, catches plant spores of all 
sizes with a high efficiency, and in particular it is 
much more efficient as a collector of small spores 
than is a freely exposed horizontal surface; though 
per contra the agar-coated Petri plate allows identi- 
fication of colonies of fungi, the spores of which 
cannot be recognized microscopically. The daily 
trace obtained by the automatic volumetric spore 
trap is often clearly banded, and counts made of the 
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spores on traverses across the slide give estimates of 
spore concentration at intervals throughout the day. 
Almost every group of spores investigated has been 
found to show a typical diurnal periodicity if exam- 
ined over a sufficiently long period. Thus the spor- 
angia of potato blight (Phytophthora infestans) are 
most abundant in the air at 11 a.m.: their release 
seems to be influenced by radiation acting either 
directly or indirectly by local change in relative 
humidity. The new spore trap has aiso been used for 
finding when the two kinds of spore of the apple scab 
fungus (Venturia inaequalis) are dispersed and so to 
improve the timing of fungicidal sprays. 

Mr. H. A. Hyde (National Museum of Wales and 
Asthma Research Unit, Cardiff) described the results 
of a 15-year census of pollen grains and mould spores 
made in the interests of the study of allergic disease. 
The horizontal (‘gravity’) slide had been used con- 
tinuously at Cardiff from 1942 and at fourteen other 
centres for periods of a year or more; the Petri plate 
at Cardiff from 1948 and also at seven other centres 
in 1952 ; and the Hirst trap from 1954 at Cardiff only. 
Empirical comparison between simultaneous counts 
made by gravity slide and Hirst trap showed that 
gravity slides reflect the general trend of atmospheric 
incidence so that conclusions drawn from observations 
made by this method are still valid. Such counts 
made over many years indicated that the average 
incidence of the principal kinds of tree pollen might 
oscillate in successive years up to 400 per cent or 
down to 4 per cent (or less) of the 15-year average. 
This variability probably hinders the development of 
allergic sensitivity and, together with variable 
phenology, certainly complicates diagnosis. Grass 
pollen makes up nearly one-half the total trapped in 
the course of the year. Hourly counts of grass pollen 
caught by the Hirst trap have confirmed conclusions 
on time of flowering of grasses and its relation to 
external factors and to atmospheric pollen incidence. 
There is a close relationship in time between atmo- 
spheric grass-pollen concentration and the severity 
of allergic symptoms. 

Grass-pollen concentrations are highest in the low- 
lands and lowest in mountain areas, but probably at 
no point on the mainland of England and Wales or 
within thirty miles of the coast do they remain during 
the season (June-July) below the level of tolerance. 
The mould Cladosporium, which had been shown by 
the Petri plate census to be by far the most abundant 
culturable mould in the air and which Hirst had 
stated was numerically the most abundant of all 
fungus spores caught in his traps during the period 
covered by his observations at Harpenden in 1952, 
has been shown to be, among culturable moulds, the 
most frequent cause of allergic symptoms. Both 
diagnosis and treatment of inhalant allergy demand 
@ comprehensive pollen and spore census. 

Mr. L. R. Taylor described work done at Rotham- 
sted Experimental Station under the leadership of 
Dr. C. G. Johnson on the origin of fluctuations in 
aerial aphid density and their significance in dis- 
persal. Insect densities were measured hourly at five 
heights up to 1,000 ft. Spatial and temporal fluctua- 
tions in these densities depend upon the available 
upward transport acting upon the flight rhythm of 
the insect at ground level. The profile of insect 
density plotted against height as it changes from hour 
to hour is in effect an expression of these two major 
elements in dispersal, which have been related 
respectively to known meteorological and biological 
factors. 
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The flight curve of Aphis fabae, for example, at 
crop-level is commonly bimodal: its amplitude 
depends on the rate of hatching out of winged adults 
and its timing on the length of their teneral (drying 
out) period. Rate of upward transport depends in 
part on atmospheric circulation and in part on the 
aerodynamic characteristics of the insects. Pre- 
liminary analyses suggest that the rate of exchange 
of aphids is fairly high ; that is to say, they may rise 
to thousands of feet in the air and return to ground 
level again within the hour. This suggests that 
alighting behaviour must play an important part in 
determining the horizontal distances travelled. Con- 
sideration of density/height and density/time profiles 
for other insects leads to the conclusion that many 
insects other than aphids are dispersed to heights 
similar to those reached by aphids and hence they 
must be dispersed laterally in @ similar way. A 
segregation into ‘active flight’ of insects at low levels 
and ‘passive drift’ at high levels is probably highly 
artificial and misleading. 

Dr. R. C. Rainey, of the Desert-Locust Survey, 
Nairobi, considered the effects of air movements 
upon adult locusts on two different scales. He first 
described how atmospheric turbulence affects the 
height of flight, density and detailed structure of 
flying swarms. Thermal upcurrents can rise only to 
@ ‘ceiling’ height which varies from time to time, and 
is determined by the corresponding vertical dis- 
tribution of air temperature. Large high-flying 
swarms have been observed to extend up to this 
ceiling height, at 3,000-6,000 ft. On the other hand, 
swarms have been observed flying below 30 ft. under 
conditions of isothermal temperature gradient, when 
turbulence could be expected to be at a minimum. 
Direct evidence on strength and distribution of 
turbulent air movements—the gusts recorded by 
aircraft—has also been obtained during a flight 
within and around the upper part of a swarm. 

The density and distribution of flying locusts in 
the vertical are thus profoundly affected by turbulent 
air movements such as are utilized by soaring birds. 
There is, on the other hand, good evidence that the 
behaviour of locust swarms is strikingly opposed to 
lateral turbulent dispersal, that is, to spreading out 
in plan like a cloud of inert airborne material ; the 
apparently purposive orientation of locusts is not in 
general related to the movement of the swarm 
as a whole, which movement in fact is often (and 
probably usually) directly downwind and therefore 
in general into zones of convergence and potentially 
of rain. 

Locusts, under the influence of mutual stimulation, 
are perhaps among the most regularly airborne of 
insects. Once they are in the air, their subsequent 
distribution and movement are profoundly influenced 
by the atmospheric processes of turbulence, operating 
over distances of hundreds or thousands of feet, and 
of divergence and convergence, operating over hun- 
dreds or thousands of miles ; and the part played by 
convergent wind flow in the production of rain would 
appear to confer a substantial survival value on the 
flight in arid regions. 

Certain aerobiological problems which had not 
been dealt with by the four principal speakers were 
referred to by others. Mr. L. Ogilvie (Ministry of 
Agriculture, Bristol) referred to observations which 
he and his staff had been making for many years on 
epiphytotics of black rust of wheat in south-west 
England. Their conclusion that these may be 
initiated by airborne inocula from southern Europe 


— 
} 
: 
} 


NATURE 


or north Africa had been supported in 1955 by Mr. 
Hyde, who had registered uredospores in the air 
around Britain at the relevant times. 

Mr. P. K. C. Austwick (Veterinary Laboratory, 
Weybridge) directed attention to an aspect of intra- 
mural biology, namely, the indoor conveyance of 
airborne fungi pathogenic to man and animals. The 
inhalation of airborne spores is now accepted as the 
major epidemiological feature of coccidioidomycosis 
and histoplasmosis, and although these diseases are 
fortunately rare in Britain there are others, such as 
aspergillosis, which are not uncommon. One form of 
aspergillosis in animals appears to be bovine mycotic 
abortion, in which infection is thought to be primarily 
respiratory, spreading to the placenta from the lungs. 
Spore sampling by means of the Hirst automatic 
volumetric spore trap has been carried out in an 
ordinary cowshed at the Ministry of Agriculture, 
Veterinary Laboratory, Weybridge, by Prof. H. K. 
Baruah, University of Gauhati, Assam, with the kind 
co-operation of Prof. P. H. Gregory, who also lent 
the equipment. The number of spores encountered 
have been extremely high, varying from 300,000 to 
1,300,000 per cubic metre, and it has been found that 
the majority of these are of Aspergillus or mucor- 


SYNTHESIS OF 


‘HE accomplishment of a total synthesis of 

penicillin V (phenoxymethylpenicillin) at the 
Massachusetts Institute of Technology by Dr. J. C. 
Sheehan and Dr. R. K. Henery-Logan' brings to an 
end the long search for the first rational synthesis of 
one of the biosynthetic penicillins. 

Dr. Sheehan, while a member of the Merck labor- 
atories research team, took part in the combined 
attempt by thirty-nine American and British labor- 
atories during the Second World War to synthesize 
benzylpenicillin. The stage reached when this col- 
laboration came to an end in 1945 was the synthesis of 
benzylpenicillin in minute yield by groups of workers 
at Oxford and in the United States*. This synthesis 
gave no information about the structure of penicillin, 
and in spite of much effort could not be improved to 
give a better yield of the antibiotic. Sheehan was 
one of the few people who continued to entertain the 
hope that a satisfactory synthesis of the unstable 
penicillin molecule could be achieved. In 1948, two 
years after he joined the faculty of the Massachusetts 
Institute, he began the series of carefully planned 
researches which systematically led him to his latest 
achievement. 

One of Sheehan’s earlier successful ideas was the 
use of penicilloates that could not give azlactones by 
rearrangement. This idea led to the synthesis of the 
methyl ester of phthalimidopenicillm*, which is 
biologically inactive, and then to a synthesis of the 
methyl ester of benzylpenicillin sulphone. The infra- 
red spectrum of the latter was identical with that of 
the same derivative prepared from natural benzyl- 
penicillin, thus providing the first direct chemical 
proof of the fused $-lactam thiazolidine structure 
of the penicillins. Further exploitation of the 
same idea, combined with a new method for syn- 
thesizing penicilloic acids that have the configuration 
corresponding to the natural penicillins, led to the 
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aceous species. These are the fungi which aro 
predominant in cases of mycotic abortion and they 
also occur in quantity in hay and straw. The aero. 
spora of farm buildings therefore seems to be very 
different from that of the outside air both in quantity 
and quality, and its investigation should lead to a 
better understanding of both respiratory mycoses 
and the allergic diseases of the ‘farmer’s luny’ 
complex. 

All aerobiological investigations so far made seein 
to have arisen out of diverse practical needs, but as 
the symposium showed, studies which began with 
quite different approaches have led to entirely com- 
patible conclusions: all, at least so far as they are 
concerned with the outdoor air, lay emphasis on the 
conditioning of spore and insect release by metevor- 
ological factors and on the reliance both of spores 
and (with modifications) of insects on the dynamics 
of the atmosphere. The study of particulate dispersal 
in general falls within the scope of meteorology, and 
meteorologists are exploring this field experimentally’, 
but the need for planned observational work on the 
airborne biota still remains and is not likely to be 
satisfied for a long time to come. H. A. Hype 
* Pasquill, F., Nature, 177, 1148 (1956). 


PENICILLIN V 


synthesis of a penicillin analogue having a benzy!|- 
sulphonamido group in the side chain‘ in place of 
the phenylacetamido group of benzylpenicillin. This 
substance was the first biologically active synthetic 
‘penicillin’ to be made. It has not so far been 
obtained by fermentation. 

Two further factors arising out of unrelated 
researches have a bearing on Sheehan’s latest 
achievement. The first was the discovery, indepen- 
dently by Sheehan and Hess* and by Khorana*, that 
aliphatic carbodiimides can be used as condensing 
agents for the formation of peptide bonds in. the 
presence of water. The second was the observation 
by Brandl and Margreiter? that phenoxymethy!- 
penicillin is stable in acid solution. Sheehan and 
Henery-Logan used N,N'-dicyclohexylearbodiimide 
to bring about the cyclization of a 6-lactam 
ring in the penicilloic acid of penicillin V. This 
reaction, which is the key step in the synthesis, is 
carried out in aqueous dioxan solution at room 
temperature and yields about 12 per cent of 
penicillin V. 

The new methods of synthesis may not, at present, 
compete economically with the established fermenta- 
tion processes. However, the production of new 
synthetic penicillins, of which some ten have already 
been made at the research laboratories of Merck, 
Sharp and Dohme*, opens up exciting possibilities of 
improving the already established position of the 
penicillins in medicine. For example, penicillins 
effective against a wider range of pathogenic bacteria, 
including organisms producing penicillinase, may now 
be within reach. The key to a penicillin structure 
resistant to penicillmase may emerge from the com- 
pletion of the structural studies* on the antibiotic 
cephalosporin C, which resembles the classical peni- 
cillins in many of its chemical properties. However, 
it is resistant to the action of penicillinase, and is 
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stable in acid solution. Another possibility is the 
production of penicillins more suitable than peni- 
cillin O° (allylmercaptomethylpenicillin) for the 
treatment of people who are sensitive to benzyl- 
penicillin. G. F. Newton 
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OBITUARIES 


Prof. George Gomori 


THE death occurred on March | at Palo Alto, 
California, of Prof. George Gomori, at the age of 
fifty-three. He was one of the most original and 
productive investigators in the field of histochemistry 
over the past twenty years. There can be scarcely a 
journal on microscopical work to-day in which his 
contributions are not liberally quoted by workers all 
over the world. In contrast to his scientific renown, 
few people in the United States, and still fewer from 
the British Commonwealth, had the privilege of 
knowing him well. 

His main virtues as a man and investigator were 
a combination of great intellectual and practical 
versatility with a high degree of economy of his 
resources. Added to this was an unconcealed delight 
in the adventure of investigation, and a love of dis- 
covery altogether detached from thoughts of personal 
glory. Two of these qualities, the unselfish devotion 
to his work and the hatred of extravagance in any 
form, probably prevented many people who met him 
from recognizing his uniqueness. Gomori sacrificed 
everything to enable him to work smoothly and well. 

The formal side of his career shows his versatility. 
As assistant to the professor of surgery in Budapest, he 
performed several thousand major operations, mostly 
under local anzsthesia. It is interesting to note that 
he had used his gastrectomy specimens for studying 
reticulum in peptic ulcer with the staining method 
which is now widely known by his name. It was a 
hardship for him to relinquish surgery on emigrating 
to the United States. A tidy technical ease was his 
outstanding characteristic as a laboratory worker, 
and it was the talent which he most loved to exercise 
as a@ surgeon. In America he re-qualified in medicine 
and became a registered pathologist, as well as pro- 
fessor of internal medicine (Chest Diseases Section) 
in the University of Chicago. His charming wife 
Margaret, as chief medical librarian, was always on 
the look-out for literature for him, and the four 
card-index drawers on his desk represented his most 
valuable literary asset in preparing papers and 
experiments. In his capacity as advising editor to 
several journals, it was no trouble to him to check 
the crucial observations in the articles submitted, or 
to detect a tiny flaw which would invalidate the 
conclusions. He never turned first to the summary 
of a paper, but would read the section on methods 
before anything else. 

Although the days were mostly spent in his friendly 
little laboratory, apart from attendances at the clinic, 
Gomori gave the impression that work was more or 
less incidental. Sometimes prolonged silences would 
fall as his concentration increased, but he never 
appeared unduly engrossed or impatient of inter- 
ruption. This was all part of his method. 


His extreme personal simplicity and natural kind- 
liness would deceive one about his tremendous store 
of experience in all branches of culture. He was an 
accomplished linguist. Having been cared for as a 
schoolboy by a Dutch clergyman when he was sent 
as a refugee in the First World War to Holland, he 
acquired a thorough knowledge of the Dutch 
and literature, and an enduring love and gratitude 
towards the Dutch people. In philosophy he greatly 
admired Bertrand Russell. In music he was an 
excellent judge of singing, and spoke with critical 
admiration of European opera singers of the past, 
such as Jadlowker, Battistini, Jeritza and Piccaver. 

His cultural attainments were a means to pleasure 
and insight, and were displayed only when strictly 
relevant. In a similar way, he never paraded or 
nursed his personal opinions on things and people. 
Whether favourable or unfavourable, his comments 
were brief and to the point and always tempered 
with tolerance and geniality. 

Gomori did not frequently attend conferences and 
meetings, except those of the Histochemical Society. 
The benefits of meetings were too erratic to appeal 
to him. Perhaps for this reason we may lament some 
lack of direct personal recognition for his achieve- 
ments, and regret the opportunities for granting him 
personal honour which the world has now lost. But 
of impersonal recognition he had an abundance, and 
enjoyed personal satisfaction without limit in his 
work itself. G. H. Finpiay 


Prof. Methodi Popoff 


REFERRING to the obituary notice of Prof. Methodi 
Popoff in Nature of February 9, Dr. A. M. Young, of 
the World Federation of Scientific Workers, writes : 
“Prof. Popoff died in April 1954 and his body lay in 
state in the big hall of the Bulgarian Academy of 
Sciences for two days, during which many thousands 
of people paid him homage. The funeral took 
place on April 19, 1954, and was attended by 
representatives of the Bulgarian Government. So 
far as my information goes, Prof. Popoff’s work was 
highly appreciated in his country and he received 
many awards and decorations, not only before the War 
but also after the founding of the People’s Republic 
of Bulgaria in 1944. In 1950 he was awarded the 
highest Bulgarian distinction, the Dimitrov Prize 
(First Class), for his achievements in the field of 
stimulation. After his death the Institute of Biology, 
of which he had been director, was named the Methodi 
Popoff Institute of Biology. As late as 1953 there 
was an article by Prof. Popoff on his stimulation 
— in the English-language publication, Bulgaria 

lay”. 
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NEWS and VIEWS 


Royal Meteorological Society : Symons Memorial 

Gold Medal 

THE Symons Memorial Gold Medal of the Royal 
Meteorological Society, which is awarded biennially 
for distinguished work in meteorological science, has 
been conferred this year on Prof. Eric Palmén, Insti- 
tute of Meteorology, University of Helsinki, and a 
member of the Academy of Finland, for his out- 
standing work in the field of synoptic aerology. The 
award was made at the annual general meeting of the 
Society on April 17, when it was received on behalf of 
Prof. Palmén by H.E. the Finnish Ambassador, Mr. 
Sakari Tuomioja. The citation states: ‘Prof. Eric 
Palmén’s scientific contributions over many years, 
especially in synoptic aerology, have been a model of 
critical analysis and lucid discussion. His more recent 
studies have been concerned with tropical hurricanes 
and the large-scale disturbances of the westerlies, the 
jet stream and frontal regions, the momentum and 
energy balance of the tropical atmosphere and 
momentum exchanges at the Earth’s surface. He 
has provided convincing quantitative evidence of a 
direct meridional circulation in low latitudes and his 
well-known kinematical model of the general cir- 
culation of the atmosphere is a valuable and realistic 
synthesis of statistical and synoptic evidence. His 
critical judgement and uncompromising thoroughness 
have established Prof. Palmén as a leading world 
figure in contemporary meteorology”’. 


Agriculture in the University of Cambridge : 
Sir Frank Engledow, C.M.G., F.R.S. 


Sim Frank ENGLEDOw is to retire from the Draper’s 
chair of agriculture in the University of Cambridge. 
His work and influence during his long association 
with the School of Agriculture have extended far 
beyond the narrow confines of the University. On 
the research side, apart from taking responsibility 
for the administration of the research institutes 
attached to the School, and giving guidance to those 
who sought his advice, he amplified and developed 
Biffen’s pioneer work in the genetics of cereals, and 
by a long series of studies into the factors underlying 
the yield of crops in the field, placed crop testing and 
yield analysis on a sure basis, and developed field 
experimentation both as a plant-breeding technique 
and as a tool for crop-husbandry research. His out- 
standing contributions to agricultural research led to 
his election as a Fellow of thé Royal Society in 1946. 

Of more importance to mankind in general is the 
outstanding contribution made by Sir Frank to the 
development and improvement of agriculture, par- 
ticularly in British Colonies and Dependencies. His 
contact with tropical agricultural systems during the 
First World War and as a member of various Govern- 
ment Commissions enabled him to perfect a course 
of postgraduate training for those destined for the 
agricultural services in the Colonial Territories, and 
so provide the personnel for the implementation of 
policies recommended by the Commissions on which 
he served. For these services and others of a like 
nature he was made C.M.G. in 1935 and was knighted 


in 1944. 
Sir Joseph Hutchinson, C.M.G., F.R.S. 


Sm JoserH Burtr Hurcumson is to succeed Sir 


Frank Engledow as Draper’s professor of agriculture 
at Cambridge. Sir Joseph was born in 1902 and 
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educated at Ackworth and Bootham Schools, and a: 
St. John’s College, Cambridge. After graduation, ho 
took a postgraduate course at the Imperial College of 
Tropical Agriculture, Trinidad, and then joined tho 
Empire Cotton Growing Corporation’s Cotton Re. 
search Station as assistant geneticist in 1926, the yea, 
in which the Station was established. He soon prove:! 
himself a worker of notable quality, and began a lon, 
series of researches on the genetics and taxonomy «f 
the cotton plant which ultimately established him us 
one of the world’s leading authorities. After seven 
years in Trinidad he gained further valuable experi. 
ence in India, where he was from 1933 until 1937 
geneticist and botanist at the Indore Institute of 
Plant Industry. Returning to Trinidad as chief 
geneticist at the Cotton Research Station, he con- 
tinued, with the aid of his colleagues, Dr. R. A. Silow 
and Dr. (now Prof.) S. G. Stephens, the elaborate 
series of genetical and evolutionary studies on the 
genus Gossypium which culminated in a joint work 
entitled ““‘Lhe Evolution of Gossypium and the 
Differentiation of the Cultivated Cottons”. This 
book was highly praised and takes its place among 
the classics of biology as perhaps one of the most 
comprehensive studies of the evolutionary history of 
a single genus ever carried out. 

With the shutting down of the Trinidad Station in 
1949, Sir Joseph went to Uganda as the first director 
of the Empire Cotton Growing Corporation’s Cotton 
Research Station at Namulonge. Elected to the 
Royal Society in 1951, he was knighted in 1956. 
Since 1953 he has served as chairman of the Council 
of Makerere College, the University College of East 
Africa. An able scientist and administrator, Sir 
Joseph is a worthy successor to Biffen and Engledow 
in the Draper's chair of agriculture at Cambridge. 


Engineering at the University of 
Tasmania : Prof. G. Newstead 


Mr. GorpoN NewsteaD, reader in electronic 
engineering in the University of Adelaide, has been 
appointed as the first holder of the new chair of 
electrical engineering at the University of Tasmania, 
and will take up the appointment next August. 
Prof. Newstead, who is thirty-nine, graduated at the 
University of Melbourne and worked for a time as 
an engineer with the Department of Civil Aviation. 
In 1944 he was awarded the degree of master of 
electrical engineering for a thesis on aviation radio 
and has made scientific contributions to studies on 
the ionosphere, circuit theory and electronics applied 
to geophysics—this latter work being done in col- 
laboration with Prof. J. C. Jaeger, of the Australian 
National University. He spent 1953 as a member of 
the radio group at the Cavendish Laboratory, Cam- 
bridge. He was formerly senior lecturer in electrical! 
engineering in the University of Tasmania, and was 
for a time a member of the University Council there. 
He resigned last year to become the first reader in 
electronics at the University of Adelaide. 


Electrical 


American Society of Cosmetic Chemists Award 
Tse American Society of Cosmetic Chemists 
instituted a Special Award of 1,000 dollars in 1954 
to encourage publication of outstanding scientific 
literature in the field of cosmetic technology. The 
recipients of the third Award are Dr. A. J. P. Martin 
and Dr. A. T. James, who share the Award, together 
with 600 dollars travelling ex , for their work 


on gas chromatography with liquid-liquid extraction. 
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The work was carried out at the National Institute for 
Medical Research, London, and was published in The 
Analyst and The Biochemical Journal in 1952. Dr. 
A. J. P. Martin was joint Nobel Prize winner in 
chemistry with Dr. R. L. M. Synge in 1952. 


Technical Education 

ADDRESSING the Southern Regional Council for 
Further Education at Reading on February 15, the 
Minister of Education, Lord Hailsham, expressed the 
opinion that the estimate that the output of scientists 
and engineers should be increased to 20,000 was too 
modest. Technological advance was the dominating 
factor in the modern world, and we were only begin- 
ning dimly to apprehend the possibilities of technical 
development. We had lost neither our inventiveness 
nor our craftsmanship, but we must eliminate the 
belief that higher education was the good life for the 
few while the many could only attain to a bare 
literacy with, at most, a narrow vocational training. 
His most important task was to increase the numbers 
of those receiving formal training of all kinds after 
the ages of fifteen and sixteen, both at school and 
thereafter. Dealing particularly with the technical 
colleges, Lord Hailsham said that we needed to 
rationalize and develop all resources, and it was 
particularly important to make the best possible use 
of our limited numbers of highly qualified graduate 
technologists. Although there must be a good spread 
of higher national certificate courses over Britain, 
we must expect students in advanced full-time or 
sandwich courses to go to the teachers rather than 
vice versa, and the bulk of these courses must be 
concentrated in colleges of advanced technology and 
regional colleges. Although co-ordination might cause 
much heart-searching at first among principals and 
governing bodies, he did not expect the structure, 
once determined, to be absolutely static. Lord Hail- 
sham mentioned that he had just agreed in principle 
to a 75 per cent grant for the Portsmouth College of 
Technology. He also stressed the importance of the 
greatest possible measure of freedom for students to 
attend courses in the areas of authorities other than 
their own, and also of the public relations aspects 
of these developments. Parents, local education 
authorities, schools, industry and universities must 
be brought and kept in close contact with the tech- 
nical colleges and one another. Finally, technical 
education should be valued for its contribution to 
the individual life and to the spiritual values of our 
national culture. The discipline it gave in honesty, 
integrity and objectivity should increase the recep- 
tivity to, and appreciation of, music, literature and 
free intellectual speculation. 


British Oxygen and the Monopolies Commission 
Tue British Oxygen Company has now issued in 
booklet form, circulated to its customers, share- 
holders and employees, its reply to the criticisms of 
the Monopolies Commission (British Oxygen and the 
Monopolies Commission. Pp. 14. London: The 
British Oxygen Company, Ltd., 1957). Some of the 
Commission’s recommendations, for example, in 
regard to ostensible competition and to contract 
terms, are being applied at once, but the Company 
does not agree with the view that its profits were 
unjustifiably high. The Commission reached no 
definite conclusion as to the adequacy of the Com- 
pany’s present research activities, and the booklet 
deals at some length with this question. Its research 
plants, announced in 1948, are now in operation and 


NATURE 895 


are the basis of a big constructional programme. 
This tonnage-oxygen process operates at the con- 
stant load essential for low cost, and meets the 
intractable problem of changing demand inherent in 
steel making. The industrial liquid oxygen plants in 
the main works are four times larger than the standard 
of five years ago and have reduced power consump- 
tion by more than 25 per cent, while the standard 
liquid oxygen storage tanks operating at — 183° have 
evaporation losses one-tenth of those of ten years 
ago. Expenditure on research has risen steadily to 
£700,000 in 1956—representing 2-8 per cent of total 
sales—of which at least £500,000 is devoted to indus- 
trial gases and associated plant and equipment. 
Fundamental research has concerned the properties 
of gases and operations such as distillation, com- 
pression and heat transfer and new methods of 
derivation of acetylene, while other work has been 
concerned with the use of liquid oxygen in aircraft, 
missile propellants, pure nitrogen for 

liquid nitrogen for nuclvar energy, the reactions of 
acetylene to give synthetic blood plasma, and the 
application of low-temperature technique to the 
transport of liquid methane. 


Vital Statistics for England and Wales 

THe Registrar General’s commentary on the vital 
statistics of 1954 has recently been published (The 
Registrar General’s Statistical Review of England 
and Wales for the year 1954. Part 3: Commentary. 
Pp. xii+227. London: H.M. Stationery Office, 
1957. 8s. net). It is in the traditional form, and 
records few changes of note from the previous issue. 
Fertility, as measured by the gross reproduction 
rate, was fractionally lower than in 1953. The 
authors maintain that judgment must be suspended 
about future fertility prospects, for ‘“‘while the fer- 
tility decline from the post-war peak has left the net 
reproduction rate still in the region of unity, it 
remains for the records of the next few years to 
reveal the true post-war trend’’. The total number 
of marriages has declined, but marriages expressed 
as @ percentage of the total unmarried population 
remain at a high level. The mortality section con- 
tains a new abridged life table for 1952-54, which 
shows the expectation of life at birth as 67-31 years 
for males and 72-68 years for females. Infant mor- 
tality continued to decline, particularly post neo- 
natal deaths, but there was a 5 per cent increase in 
the stillbirth rate. The rise in mortality from lung 
cancer continues and, over the past three years 
before the report, was particularly heavy in rural 
districts, where it amounted to no less than 37 per 
cent. 


Water Resources and the Welsh Economy 

THE report “Water Resources and the Welsh 
Economy” (Pp. 8. Cardiff: Welsh Economic 
Development Council, 1957. 1s.), in which the Welsh 
Economic Development Council advocates the estab- 
lishment of a Welsh Water Resources Council (see 
Nature, 179, 760; 1957), points out that of the 2,000 
million gallons of water supplied daily by the water 
undertakings of England and Wales, Wales provides 
270 million gallons, of which 130 million gallons is 
supplied by English authorities to their customers. 
Of the total surface-storage capacity in England and 
Wales of 200,000 million gallons, about 60,000 million 
gallons is located in Wales, and of this 38,000 million 
gallons is owned by English authorities, while of the 
1,000 water undertakings in England and Wales, 152 
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are in Wales. The report urges the establishment of 
regional water grids in Wales and the formulation of 
an overall policy for the development, control and 
distribution of Welsh water resources to ensure that 
Welsh economic interests are duly considered. 


Society for the Bibliography of Natural History 

In presenting the annual report of the Society for 
the Bibliography of Natural History at a recent 
meeting in the lecture hall of the Chelsea Physic 
Garden, the president, Dr. J. Ramsbottom, referred 
to the loss suffered by the Society through the death 
of Mr. W. N. Edwards, a founder member of the 
Society, and of Mr. A. G. Davis, both of whom had 
been members of the Committee. The fourth part of 
the third volume of the Society’s Journal was issued 
to members in January 1957 and included a third 
supplement to the catalogue of papers concerning the 
dates of publication of natural history books, and an 
illustrated article by the late René Ronsil on the 
painter, Madame Knip, and her contribution to 
ornithology. The following were elected as officers 
and members of the Committee: President, Dr. J. 
Ramsbottom; Hon. Secretary and Treasurer, Mr. 
A. C. Townsend, c/o British Museum (Natural 
History), London, 8.W.7 ; Committee, Messrs. G. F. 
Elliott, F. C. Fraser, F. J. Griffin, W. T. Stearn, 
C. Kirke Swann, D. W. Tucker. 


Automatic Technology and its Implications 

A SELECTED annotated bibliography, listing 359 
references, mostly from American sources, published 
during 1955 and the first five months of 1956, on 
“‘Automatic Technology and its Implications”, has 
been issued by the United States Department of 
Labour’s Bureau of Labour Statistics (Bulletin 
No. 1198. Pp. 64. London: United States Informa- 
tion Service, 1957). Compiled as part of the Bureau’s 
research programme on productivity trends and 
current technological developments, and intended as 
a research tool for economists, union and manage- 
ment officials, university teachers and others, it is 
provided with subject- and author-indexes, lists of 
addresses of periodicals and publishing organizations 
cited. 


Journal of Insect Physiology 

Durinec the past twenty-five years insects have 
increasingly become the subject of physiological 
studies. ‘his has been due in part to the importance 
of insect physiology for an understanding of the 
action of insecticides, but the main cause has been 
the continuing expansion of experimental biology 
and the realization that the insects afford exceptional 
opportunities for productive research in this field. 
This development is likely to be encouraged still 
further by the appearance of the new Journal of 
Insect Physiology (Vol. 1, No. 1 (March 1957). Pp. 
108. Subscription per volume (A) £6 (United States 
17 dollars) including postage; (B) for individual 
subscribers certifying that the journal is for their 
private use, £3 10s. (United States, 9.80 dollars) 
includi . London and New York: Per- 
gamon Press, 1957). This is an international journal, 
with editors in Bristol, Baltimore and Berne. Papers 
are to be published in English, French or German 
and will include work on biochemistry, toxicology 
and the functional aspects of morphology. The first 
number contains eight papers, of which one is in 
French and seven in English, but these include con- 
tributions from Australia, Japan and the United 
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States as well as from Great Britain. The subjects 
dealt with include the factors which regulate taste 
thresholds in the blow-fly, the distribution of co!l- 
lagenase in different insects, the permeability proper- 
ties of insect cuticle, the antifungal action of cuticular 
lipids, flight noise and its effect on locust behaviour, 
carbon dioxide anesthesia retarding growth, the 
nervous control of the tracheal spiracles, and the 
influence of parental feeding on the offspring in the 
silkworm. 


The Association of Universities of the British 

Commonwealth 

THe report of the Executive Council of the 
Association of Universities of the British Common- 
wealth for the year ended July 31, 1956 (pp. 25. 
London, 1956), records that the Committee of Vice- 
Chancellors and Principals of the Universities of the 
United Kingdom, for which the staff of the Associa- 
tion provides the secretariat, met eleven times during 
the year. The office establishment at the end of the 
period under review consisted of the secretary, 
assistant secretary and nineteen other full-time 
officers. During the year the Executive Council held 
meetings in both Melbourne and London, and made 
arrangements for the Commonwealth Inter-Univer- 
sities Conference held in Pakistan durmg December 
1956-January 1957. The Marshall Aid Commemora- 
tion Commission continued the arrangement by 
which the secretary of the Association acts as 
executive secretary of the Commission, and the 
services of the office are available for the general 
supervision of Marshall Scholars in the United 
Kingdom. The Association also undertakes the 
placing of Beaverbrook Scholars in British univer- 
sities, and its secretary acts as a member of the 
committee set up in London to recommend the award 
of British Memorial Fellowships established by public 
subscription in Victoria, to enable scholars from the 
United Kingdom to study for one year in Australia. 
The Association also acts as the authority for 
attesting the eligibility of candidates seeking entry 
to French universities by virtue of examinations 
passed in the United Kingdom. The Council con- 
tinued to be represented on the joint committee 
administering the Commonwealth University Inter- 
change Scheme. 


A Catalogue of Chemical Laboratory Apparatus 


“Chemical Laboratory Apparatus 56S” is the first 
in the series of catalogues to be issued by Griffin and 
George, Ltd., Alperton, Middlesex, the well-known 
laboratory furnishers and manufacturers of scientific 
apparatus, and is the first major publication of the 
group, formed in July 1954, by the merging of the 
three companies, Griffin and Tatlock, Ltd., W. and 
J. George and Becker, Ltd., and Standley Belcher 
and Mason, Ltd. It will be followed by catalogues 
of educational physics apparatus and specialized 
chemical apparatus. Catalogue 56S, which comprises 
some 700 pages of factual text, is well illustrated and 
lists about 20,000 items covering the general chemical 
apparatus requirements of those engaged in education, 
industry and research, and replaces earlier editions 
of catalogues published by the companies incor- 
porated in the group, namely, ‘Catalogue 15B” 
‘General Apparatus Section up to and including 
p. 751) of Griffin and Tatlock; ‘‘25th Edition and 
Abridged 25A Catalogues” of George and Becker ; 
and the ‘‘Price List of General Laboratory Apparatus 
(1939)”’ of Standley Belcher and Mason. 
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With the rapid growth of knowledge about the 
structure of matter, many new techniques of physical, 
chemical or atomic origin have recently been intro- 
duced, and some of these are now developing into 
powerful analytical tools so that it is difficult for 
laboratory suppliers to predict the future require- 
ments of chemists. Nevertheless, ‘“Catalogue 56S”’, 
while giving proper place to the standard and 
classical apparatus, includes many items of newly 
designed apparatus for use in those recently intro- 
duced methods which are likely to be of permanent 
value in the modern laboratory. The firmly estab- 
lished ‘Microid’ and ‘Nivoec’ ranges of instruments 
are fully illustrated and described, frequently with 
very useful experimental notes. Interesting examples 
of modern apparatus are the Griffin gas chromato- 
graphic apparatus, skeletal atomic models and a 
6-in. analytical fractionating column. The catalogue 
is excellently produced and extremely easy to use, 
and it should prove a valuable and comprehensive 
book of reference to modern laboratory apparatus 
for all scientists, not only chemists, in industry or 
engaged in teaching in technical colleges and the 
universities. Although many of the items are too 
elaborate or expensive for school use, school apparatus 
is not neglected, and it is reeommended that school 
teachers and authors of school text-books make full 
use of “‘Catalogue 56S” for illustrating their lessons. 


East African Industrial Research Organization 

THE annual report for 1955-56 of the East African 
Industrial Research Organization (East Africa High 
Commission. Pp. ii+7. Nairobi: Government 
Printer, 1956. Sh. 2), which includes a list of tech- 
nical pamphlets issued by the Organization and its 
predecessors, records that the Organization is still in 
@ transitional stage. The new laboratories and offices 
in Nairobi should be completed early this year and 
the metallurgical laboratory in Entebbe was expected 
to be ready before the end of 1956. Considerable 
progress was made in the coffee-drying project, 
particularly in the final stages of artificial drying. 
Further work was done on a refractory cement from 
local materials and a systematic study has been 
made of bodies using the buff or near white burning 
swamp clays found in Kenya for producing a domestic 
pottery bowl by a once-fired technique. By bleaching 
with activated earth, a cedarwood oil has been 
obtained equal in colour to the steam-distilled pro- 
duct and with only small losses. 


The National Research Council of Canada 

Tue ‘National Research Council Review’, 1956 
(pp. 284+16 plates. Ottawa: Queen’s Printer. 
75 cents), describes the work of the National Research 
Council of Canada during 1955, but includes some 
later work. It supplements the information already 
given in the annual report for the year ended March 31, 
1956 (see Nature, 179, 297; 1957). Besides the 
reports of the directors of divisions and heads of 
sections and of the work of the Council’s many 
committees, it includes a directory of the Council’s 
staff, numbering 2,125 on April 1, 1956, of whom 
558 were scientific and 753 technical. The Review 
is distributed to scientists, research institutions and 
others who require more specialized information than 
is provided in the annual report. 


Special Schools for Handicapped Pupils 
Tue Ministry of Education has produced a new 
edition of its booklet describing special schools for 
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handicapped pupils (List of Special Schools for 
Handicapped Pupils in England and Wales. Pp. 
72. (London: H.M. Stationery Office, 1956.) 3s. 6d. 
net). Tho schools are arranged according to the 
nature of the handicap for which they provide, and 
include those for the blind, partially sighted, deaf 
and partially deaf, educationally sub-normal, epilep- 
tics, maladjusted pupils, delicate and physically 
handicapped children, pupils suffering from speech 
defect, and hospital special schools. In each case the 
list includes details of the organization responsible 
for the school and the age-range of pupils and 
indicates whether or not pupils may be drawn from 
any part of the country. The list should be invaluable 
to local education authorities, head teachers and 
many distressed parents of handicapped children. 


Museum of Applied Arts and Sciences, Sydney 


THE annual report for 1955 of this well-known 
Museum includes a record of many and varied 
activities. Although the Trustees sought a special 
grant of £16,000 to mark the seventy-fifth anniversary 
of the Museum by the purchase of a new Spitz 
Planetarium and an orrery, only £3,000 was forth- 
coming. Every effort was made by the Trustees to 
provide a@ new museum on another site in Sydney 
and thus enable them to carry out successfully their 
statutory obligations. An important addition to the 
electronics section was the installation of Foote’s 
induction phones. This instrument, which resembles 
a stethoscope when placed in the ears, enables one 
to listen to the radio unencumbered by trailing 
wires. It operates by magnetic induction, and the 
public are invited to listen-in with these instruments. 
The most important installation was that of an elec- 
tronic ‘brain’ which was constructed to allow visitors 
to participate by operating as a game of ‘noughts and 
crosses’. The national character of the research 
work carried out by the staff is reflected in the 
published results, and in requests for information by 
overseas and local scientific colleagues, as well as by 
Australian industrial organizations. An example may 
be quoted in the advice and assistance furnished to 
an Australian firm which was attempting to establish 
a local peppermint and spearmint oil industry. The 
work of the scientific staff consisted mainly in investi- 
gations concerning the essential oils of Australian 
plants and their physiological forms. It is also 
reported that Mr. A. R. Penfold retired from the 
directorship on December 31, 1955, after thirty-seven 
years service. The Trustees pay a special tribute to 
him for the excellent results achieved during his 
administration by his initiative, enterprise and 
enthusiasm. 


Manchester City Library 


Tue one hundred and fourth annual report of the 
Libraries Committee of the City of Manchester for 
the year ended March 31, 1956, points out that in 
the Reference Libraries, where the number of books 
issued increased by 114,842, the main development 
has been in meeting the growing demand on the 
Technical Library, for which more spacious accom- 
modation for users is required. There is also a 
growing demand for information calling for qualified 
staff, who must be sought in competition with 
industry, commerce and the teaching profession. 
Considerable progress was made during the year in 
redeploying staff to ensure the use of varying grades 
to the best advantage. The City Librarian’s report 
records a book stock of 1,114,762 volumes in the 
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Manchester Public Libraries, of which 450,331 
volumes are in the Reference Libraries. The micro- 
film of the Manchester Guardian was completed 
during the year. Books borrowed from the Special 
Collections Department decreased by nearly 2,000 
volumes, but the libraries deposited by sixteen Man- 
chester societies were well used. There was an 
increase of 27-5 per cent in the number of readers in 
the Technical Library and of 30 per cent in issues. 
The number of periodicals taken was increased to 
650 and the book fund increased to permit the pur- 
chase of all but elementary books on science and 
technology published in Britain and a high pro- 
portion of American publications, while seating 
accommodation for readers was also increased by 
50 per cent. Some 717 journals and books were lent 
to firms and research organizations, and the Tech- 
nical Library has established liaison with as many 
foreign organizations as possible, and it is now a 
depository for all non-secret reports from the national 
bodies concerned with nuclear energy research in the 
United States, Great Britain and Canada. The 
Commercial Library now takes more than 500 
current periodicals, more than a quarter from over- 
seas, and is used by some 200,000 people, of whom 
40 per cent come from other towns in the conurbation 
and 20 per cent from outside the area. It includes 
1,800 current directories, 500 dealing with overseas 
countries. 


A ‘Radio Pill’ 

A NOTE released recently by the Rockefeller 
Institute of New York describes a small radio-trans- 
mitting capsule which can be swallowed like a 
medicinal pill and, as it passes through the body, 
signals the activity of the digestive tract. This ‘radio 
pill’, as it is termed, was designed by Dr. V. K. 
Zworykin and developed by engineers of the Radio 
Corporation of America at Camden, New Jersey. It 
comprises a plastic capsule, 1} in. long and + in. 
in diameter, containing a tiny transistor oscillator 
operating at a frequency of about one megacycle per 
second. In one end of the capsule is housed a minute 
replaceable storage battery which supplies the small 
amount of electrical power required and has a life of 
fifteen hours. The other end of the capsule is sealed 
by a flexible rubber membrane which transmits the 
pressure variations in the body to the armature of 
an inductance coil, and so varies the frequency of 
the radio signal generated. When the ‘pill’ is swal- 
lowed by a patient and pursues its course through 
the gastrointestinal tract, it transmits signals the 
frequency of which is varied by the pressure changes 
in the tract. These signals from the capsule are 
picked up on a suitable receiver with an antenna 
held close to the body. The output responses of the 
receiver may be displayed on the screen of a cathode- 
ray tube or they may be used to operate a pen-type 
recorder. 

A demonstration of the device was given by Dr. 
Zworykin in co-operation with Dr. J. T. Farrar, 
assistant professor of clinical medicine at Cornell 
University College of Medicine. Dr. Farrar is also 
chief of the Gastroenterology Section of the New 
York Veterans Administration Hospital, where 
clinical tests are being performed. 


Surface Growth in Plant Cells 


OBSERVATIONS on the nature of surface growth in 
plant cells have been reported on by A. B. Wardrop 
(Austral. J. Bot., 4, 193; 1956). Autoradiographs 
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were prepared from parenchyma isolated from Avena 
coleoptile segments grown in @ medium containing 
labelled glucose. The autoradiographs show that 
there is no concentration of radioactive material at 
the cell tips, and labelled cellulose appears to be 
uniformly distributed in the cell wall. Electron 
micrographs of similar material show that tho 
cellulose microfibrils are almost transversely 
orientated on the inner surface of the cell wali 
but are considerably dispersed from this direction 
on the outer surface. From this evidence it is con- 
cluded that growth in coleoptile parenchyma is not 
of the ‘bipolar’ or ‘mosaic’ type previously sug- 
gested, but corresponds to the ‘multi-net growth’. 
In addition, a study has been made of the relation 
of microfibril orientation to cell form in the paren- 
chyma of onion roots and in roots after treatment 
with colchicine, from which it is concluded that the 
final microfibril orientation on the outer wall surface 
is determined by the extent and polarity of its surface 
growth. 


Solar Radiation received by Vertical Walls 


A REPORT published by the German Weather 
Service (Berichte des Deutschen Wetterdienstes, 5, 
Nr. 29. K. Grife. “Strahlungsempfang vertikaler, 
ebener Flichen; Globalstrahlung von Hamburg”’. 
1956) gives useful information on the total solar 
radiation received on clear days by vertical walls 
facing the cardinal points of the compass, a surface 
inclined at 45° facing south, and a horizontal surface 
at Hamburg, lat. 53° 30’ N. The radiation was 
measured with a Moll—Gorezynski solarimeter which 
recorded the total short-wave radiation. This was 
composed of direct insolation, scattered radiation 
from the sky, and radiation reflected from the ground, 
the first of these not always being present. The 
readings are compared with the calculated direct 
radiation, and the most interesting result of the paper 
is the large contribution to the total made by radiation 
seattered from the sky and that reflected from the 
ground. For a south wall the ratio of total radiation 
to calculated direct insolation varies from 1-7 in 
summer to 1-1 in winter. The ratio for an east- or 
west-facing wall is more constant, 1-5 in summer and 
1-8 in winter. For a north-facing wall the ratio is 
3-8 at mid-summer and 120 on April 1, while there 
is still appreciable sky and reflected radiation in 
winter when there is no direct insolation. The annual 
variation of the curves is of interest. A south wall 
receives maximum solar radiation at the equinoxes 
and decidedly less, because of the higher elevation of 
the Sun, at mid-summer. The wall at 45° to the 
horizontal facing south has constant radiation from 
the beginning of April to the end of August. The 
results are clearly of importance to building and 
agriculture. 


A New Variable Star 

THe discovery of a probable nova in M31 on 
September 6, at the Haute-Provence Observatory, 
on photographs taken with the 120-cm. reflector is 
recorded in the issue of L’Astronomie for November 
1956. The photographic magnitudes on September 5, 
8 and 12 were 18-0, 17-8 and 17-4, respectively. On 
November 7 another photograph showed that the 
star was at the limit of visibility for the 120-cm. 
telescope and in the neighbourhood of magnitude 20. 
It is situated at 23” from the centre of M31 and its 
approximate co-ordinates are « = Oh. 36m. 03-8s., 
3 = +40° 29-3’ (1900). 
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Oversea Service Division, Colonial Office 


Tue following appointments have recently been 
made in the Oversea Service Division, Colonial Office : 
J. K. Cox (senior agricultural officer, North Borneo), 
assistant director of agriculture, North Borneo ; 
P. A. Loizides (agricultural officer, class 1, Cyprus), 
senior agricultural officer (research), Cyprus; W. R. 
Mills (agricultural chemist, Uganda), officer in charge, 
Serere, Uganda; D. W. Winter (agricultural officer, 
Zanzibar), agricultural officer, Tanganyika; W. A. 
McD. Paterson (vice-principal), principal, Technical 
Institute and Trade Centre, Enugu, Eastern Nigeria ; 
{. G. Bulmer (assistant conservator of fprests, Sierra 
Leone), senior assistant conservator of forests, 
Sierra Leone; A. J. Fyfe (conservator of forests, 
grade B, Federation of Malaya), conservator of 
forests, grade A, Federation of Malaya; G. G. K. 
Setten (senior assistant conservator of forests, 
Federation of Malaya), chief research officer, Federa- 
tion of Malaya; 1. P. Tamworth (senior assistant 
conservator of forests, Federation of Malaya), con- 
servator of forests, grade B, Federation of Malaya ; 
J. W. Pallister (assistant director of geological survey, 
Uganda), chief geologist, Somaliland Protectorate ; 
P. W. Hanney, entomologist, Western Nigeria ; Mrs. 
C. M. Petrie, temporary records officer, Department 
of Agriculture, Federation of Nigeria; J. D. White, 
soil conservation engineer, Kenya; R. Edgley, 
chemist, Tanganyika; Bdr. A. A. Wood, assistant 
conservator of forests, Northern Rhodesia; E. P. 
Arnold, survey assistant, Grade 1, Kenya; A. G. 
Wright, surveyor, Northern Nigeria; J. S. Wyeth, 
staff surveyor, Kenya; D. F. Collings, veterinary 
officer, Tanganyika ; A. H. E. Pederson, temporary 
veterinary officer, Northern Nigeria ; H. N. Chittick, 
antiquities officer, Tanganyika; J. H. L. Messing, 
soil scientist, British Guiana. 


Announcements 

Dr. Tuomas G. Fox, research executive in the 
Rohm and Haas Company, Philadelphia, Pa., has 
been appointed: an assistant director of research in 
the Mellon Institute, where he will be in charge of 
the programme of research in polymer chemistry. 
Dr. Fox is best known for his researches on polymer- 
ization and kinetics, on studies in dilute solutions of 
molecular structure and thermodynamics, and on the 
physical chemistry of amorphous and crystalline 
polymers. 

Dr. J. E. Keyston has been appointed vice-chair- 
man of the Defence Research Board of Canada in 
succession to Mr. Hartley Zimmerman, who became 
chairman of the Board last year. Dr. Keyston was 
assistant director of scientific research at the Admir- 
alty and later deputy director of research programmes 
and planning during the Second World War. Later, 
he advised the Indian Navy on the establishment of 
scientific research, before moving to Canada in 1950 
to take up the position he has held since as chief 
superintendent of the Naval Research Establishment 
at Halifax. 

Pror. Witt1am has been elected presi- 
dent of the Royal Institute of Chemistry in succession 
to Dr. D. W. Kent-Jones, who now becomes a vice- 
president, ex-officio. Prof. H. V. A. Briscoe, Dr. J. 
idris Jones and Prof. R. G. W. Norrish have been 
elected as vice-presidents and will hold office with 
Mr. R. C. Chirnside, Dr. R. B. Strathdee and Sir 
Alexander Todd. Prof. Harold Burton has been 
re-elected as honorary treasurer. 
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Lorp Tepper, chancellor of the University of 
Cambridge, will open the new Metallurgical Labora- 
tories of the British Welding Research Association at 
Abington Hall, Abington, near Cambridge, on July 23, 
at 12 noon. In the afternoon, guests will be able to 
visit the new laboratory, where demonstrations will be 
given of the latest welding processes and control 
tests. 


Tse fourth international conference of the Inter- 
national Society of Soil Mechanics and Foundation 
Engineering will be held in London during August 
12-24. Further details can be obtained from the 
Society’s secretary, Mr. A. Banister, Institution of 
Civil Engineers, Great George Street, London. 


THE Association of Universities of the British 
Commonwealth has issued invitations to its member 
institutions to appoint delegations to the Eighth 
Quinquennial Congress of the Universities of the 
Commonwealth to be held in Montreal during Sep- 
tember 1—5, 1958. This is the first time that the 
Congress will have met outside the United Kingdom 
since these meetings were instituted in 1912. 


Tue sixth conference of the Society for Biological 
Rhythm is to be held during August 26-28 in Sem- 
mering, Austria. The theme will be ‘“Time in Biology’. 
Further details can be obtained from the secretary, 
A. Sollberger, Anatomical Department, Caroline 
Institute, Stockholm 60. — 


In connexion with the International Congress on 
the Quaternary to be held in Spain in September 
1957 there will be a symposium on the ecology and 
biogeography of Spain, with special reference to the 
development of environmental conditions during the 
Quaternary. The symposium will probably be held 
at Barcelona during September 16-20. Further 
information can be obtained from Dr. S. V. Peris, 
Laboratorio de Faunistica y Ecologia animal, 
C/. Pinar, no. 21, Madrid, or Dr. E. Balcells, R. 
Universidad de Barcelona. 


A THIRD Conference on Carbon, co-sponsored by the 
University of Buffalo, the National Science Founda- 
tion and the United States Office of Naval Research, 
will be held in Buffalo during June 17-21. Electronic 
properties of carbons will be treated in the first two 
days, and the following two days will be spent on 
compounds, reactions, effects of irradiation and heat- 
treatment, the last day on processing of carbons and 
on their high-temperature properties. There will be 
a total of eighty papers presented, thirty-two of 
them by speakers from overseas. The complete 
printed programme with abstracts will be ready 
for distribution before the Conference; the papers 
presented will be published in the second volume of 
the Proceedings of the Conferences on Carbon, some 
time after the Conference. Further information, 
registration and reservation forms can be obtained 
from the Carbon Conference, University of Buffalo, 
Buffalo 14, New York. 


Erratum. In the article entitled ‘“‘Observations of 
Dislocations in Moiré Patterns on Electron Micro- 
graphs” in Nature of April 13, the spacing formula 


printed on p. 752, col. 2, is incorrect ; for at 
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'HE report of the Secretary of the Smithsonian 
Institution* for the year ended June 30, 1956, 
which is accompanied by the financial report of the 
Executive Committee of the Board of Regents and 
the usual reports on the library and on publications 
and of the several branches of the Institution, refers 
to plans for the new building of the Museum of 
History and Technology. Construction of the 
foundations is to commence in the spring of 1957 
and it is hoped that the building will be completed 
in 1960. Of other urgent building needs, the expan- 
sion of the Natural History Museum has the highest 
priority, but it is hoped that funds will also be pro- 
vided to it construction of a suitable building 
for the National Air Museum in close proximity to 
other units of the Institution. The new bird hall of 
the Natural History Museum was opened to the 
public in March 1956. 

Special stress is laid by the Secretary on the 
expansion in the activities of the Smithsonian Astro- 
physical Observatory, the scientific headquarters of 
which have been moved to more adequate quarters 
in immediate association with the Harvard College 
Observatory in Cambridge, Massachusetts. As a 
consequence of this move, the Division of Astro- 
physical Research has re-appraised the basic scientific 
policies and objectives of the Observatory, and _ its 
broadened programme now includes research not only 
in solar activity and its effects upon the Earth but 
also meteoritic studies and studies of the upper 
atmosphere. In view of the deterioration in the 
atmospheric conditions caused by local smelting 
operations, the scientific equipment at Montezuma in 
Chile was moved to Table Mountain in Southern 
California, but there too the skies are showing pro- 
gressive deterioration from smog from the urban area 
of Los Angeles. Records at Table Mountain also 
showed the increased atmospheric opacity arising 
from the Alaskan volcano in 1953 and from the 
explosions of nuclear or thermonuclear bombs. 
Another new programme of research is concerned 
with the nature and distribution of meteoritic debris 
and micro-meteorites; the nature of meteorite 
craters; exterior and terminal ballistics and the 
extraterrestrial life of meteorites, all from an astro- 
physical aspect. The Observatory has an important 
role in the artificial satellite tracking programme of 
the International Geophysical Year. 

The Division of Radiation and Organisms con- 
tinued its fundamental physiological and biochemical 
research on the role of light in regulating growth in 
higher plants. The action spectrum of the far-red 
reversal phenomenon observed last year in the 
excised stem hook or arch of seedlings of beans and 
other dicotyledonous plants that have been grown 
in complete darkness was completed and it has been 
found that the complete chlorophyll molecule is not 
formed immediately on irradiation of leaves of plants 
grown in the dark. Further studies on the effect of 

* Smithsonian Institution. —— => the Secretary and Financial 
Report of the Executive Committee of the Board of Regents for the 
year ended June 30, plates. (Smithsonian 
Publication No. 4268.) C.: Government Printing 
Office, 1956.) 
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infra-red, far-red, and red radiant energy on the 
modification of chromosomal damage induced by 
X-rays using root tips of the horse bean, Vicia faba, 
indicate that infra-red irradiation, from 820 to 1,350 
, does not significantly increase X-ray damage, 
but that .faf-red at 710-820 my significantly in- 
creases the frequency of chromosomal aberrations 
induced by X-rays. 

The Bureau of American Ethnology continued 
systematic studies in the archzological collections 
made in Panama, as well as archzological field-work 
in the Hudson Bay area. The La Venta excavations 
in Mexico were completed. Much assistance con- 
tinued to be given to the programme for salvage 
archeology of the River Basins Surveys in areas to 
be flooded or otherwise destroyed by the construction 
of large dams. By the end of the period under review, 
survey parties had located and reported 4,365 
archeological sites, of which 862 had been recom- 
mended for limited excavation, and 329 sites in 46 
reservoir basins in seventeen States had been tested 
or partly dug. 

Accessions to the United States National Museum 
totalled more than 900,000 specimens, including 
valuable collections of mammals from Siam and 
Africa, more than 230,000 termites and more than 
10,000 invertebrates from the Antarctic, as well as 
the James Smith Memorial Collection of fossil 
diatoms from the Philippines and important lots of 
plants from Brazil, New Guinea, Australia, Idaho 
and Alaska. Field work was conducted in Peru, 
Europe, Canada, Palau Archipelago, Libya, the 
West Indies, Panama and many of the United 
States. The galiery exhibit of the section of scientific 
instruments now consists of twelve units devoted to 
various fields beginning with weights and measures 
and ending with astrophysics. 

Accessions to the National Air Museum numbered 
118 specimens, and all the Museum’s stored materials 
have now been moved to Suitland, Maryland. 
Reference is made to increasing demands on the 
Museum’s information service. In all, 1,710 animals 
were added to the National Zoological Park during 
the year, and although the Park has no genera! 
research programme as such, @ considerable amount 
of more or less specific research is carried out. 
Visitors reached a record total of 3,788,299, while of 
the 440 visitors to the Canal Zone Biological Area, 
51 were scientists using the station’s facilities for 
special researches. 

The International Exchange Service handled 
1,161,855 packages of government, scientific and 
literary publications, including 62 full and 42 partial 
sets of United States official publications, and con- 
signments were sent to all countries except China, 
North Korea, Outer Mongolia, Communist-controlled 
areas of Viet-Nam and Laos and the Haiphong 
Enclave. The Library received 78,715 publications 
during the year and arranged 237 new exchanges. A 
full list of the 74 new publications appearing under 
the Smithsonian imprint during the year is included 
in the report, and in all 424,389 copies of publications 
were distributed. 
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UNIVERSITY GRANTS COMMITTEE 


REPORT FOR 1952-56 


N interim report* recently issued by the Univer- 
sity Grants Committee supplies a factual record 

of the main developments in the universities of 
Britain during the first four years of the quinquen- 
nium which began on August 1, 1952, and of the use 


. made of their financial resources. It is intended to 


assist consideration of the provision which the Chan- 
cellor of the Exchequer indicated on March 14 that 
he proposed to ask Parliament to make for the five 
years beginning on August 1, 1957. Discussion of 
general problems is in the main reserved for the full 
quinquennial review which will follow later, but the 
trends in university development are indicated more 
clearly and fully in the interim report than is possible 
in the returns which are issued annually by the 
University Grants Committee. 

During the current quinquennium the universities 
have been under pressure from two directions. The 
first was from the continued decline in the value of 
money. Although the grants announced in February 
1952 made no allowance for continuance of this 
decline after the end of the quinquennium 1947-52, 
the pressure from this cause was to some extent 
relieved by supplementary recurrent grants made in 
1954-55 to enable the universities to imcrease the 
salaries of their academic staffs. Much of the develop- 
ment which it had been hoped to achieve with the 
grants announced in 1952 was not in fact possible. 
The second factor was the need to increase the output 
of technologists, for which purpose supplementary 
grants were made to several universities. 

There are now twenty universities and only two 
independent university colleges on the Committee’s 
grant list, and of the latter Leicester has since 
received its charter as a university ; Southampton, 
Hull and Exeter received charters during the quin- 
quennium. The University of St. Andrews has been 
re-organized in accordance with the recommendations 
of the Royal Commission which reported in 1952, 
the Manchester College of Science and Technology 
has become an autonomous institution, and the 
affiliation arrangements between the University of 
Glasgow and the Royal College of Science and 
Technology have been modified by mutual agreement. 

The total number of students in the autumn term 
of 1956 was 88,701, compared with 50,246 in 1938-39 
and 83,458 in the first year of the quinquennium. 
Omitting the University of London with 19,403 full- 
time students, and the Universities of Oxford and 
Cambridge, with 7,740 and 8,295, respectively, and 
counting separately the two Divisions of Durham 
University and the five constituent Colleges of the 
University of Wales, there are three institutions with 
4-5,000 full-time students, four with 3—4,000, four 
with 2-3,000, two with 1,500-1,999, eight with 
1,000-1,499, four with 500-999 and one with less than 
500. Outstanding features of the quinquennium have 
been the relatively small decline in student numbers 
on expiry of the Further Education and Training 
Scheme for those with war-service, and the growth in 
student numbers which afterwards occurred, due 
to the doubling of the numbers of pupils remaining 
at school to the age of 17 compared with before the 
War and to the great increase in the number of other 


* University Grants Committee. University Development : Interim 
rt on the years 1952 to 1956. 26. (Cmnd. 79.) (London: 
re Stationery Office, 1957.) 
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university awards. ‘Che proportion of each age group 
which remains at school to the age of 17 and over is 
now 7-9 per cent in England and Wales and 9-1 per 
cent in Scotland, while in England\and Wales the 
number of advanced passes in the General Certificate 
of Education has increased by 27 per cent over the 
period. As a consequence, the number of full-time 
students entering the universities for the first time 
has increased from 21,153 in 1953-54 to 25,113 in 
October 1956. 

As regards distribution by faculties, the trends in 
evidence five years ago have continued, science and 
technology gaining at the expense of arts and 
medicine; while recently technology has gained 
relative to pure science (13-9 per cent in 1956, com- 
pared with 12-4 per cent in 1953-54, and for pure 
science 21-9 per cent and 21-1 per cent, respectively). 
The number of students that will be required to be 
taken into the Medical Schools in future is under 
examination by a Committee under the chairman- 
ship of the Right Hon. H. Willink. Lord MeNair’s 
Committee has recently reported on the reasons for 
the lack of applicants for training in dentistry. 

The proportions of outstandingly good and of out- 
standingly weak students remain lower, and that of 
good second-class students remains higher than before 
the War, and an inquiry into the progress of students 
admitted to academic courses for first degrees and 
diplomas in 1953 showed that 87-4 per cent pro- 
ceeded to their second year without being required 
to repeat any first-year work; 5-9 per cent were 
required to repeat the whole or part of the first-year 
course, 2-5 per cent were transferred to another 
course, and only 4-2 per cent did not re-enter in 
October 1954 on account of academic failure or for 
disciplinary reasons. The proportion of full-time 
advanced (mostly postgraduate) students continues 
to increase ; they numbered 12,668 in 1955-56 com- 
pared with 11,544 in 1951-52, while the proportion 
of higher degrees to first degrees was 12-2 per cent 
in arts, 25-6 per cent in pure science and 20-6 per 
cent in technology. 

Of the 9,286 full-time students who came from 
outside the United Kingdom (compared with 6,960 
in 1951-52 and 5,213 in 1938-39) about 60 per cent 
were from within the Commonwealth. The proportion 
of full-time students living in colleges or halls of 
residence has risen from 25-1 per cent in 1938-39 
and 25-9 per cent in 1951-52 to 27-5 per cent in 
1955-56 ; the corresponding figures for those living 
in lodgings being 33-2, 39-6 and 44-7 per cent, and 
for those at home, 41-7, 34-5 and 27-8 per cent, 
respectively. It appears, however, that in many 
universities satisfactory lodgings are becoming in- 
creasingly difficult to obtain and the expansion of 
many universities may depend on the provision of 
further facilities for residence. The University Grants 
Committee has appointed a sub-committee, under 
the chairmanship of Prof. W. R. Niblett, to inquire 
into the whole question of the role of halls of residence, 
including their administration and staffing. 

The staff-student ratio further improved during 
the present quinquennium. Academic staff totalled 
10,202, including 1,421 professors and 735 readers, 
assistant professors and independent lecturers, com- 
pared with 8,952 in 1951-52 and 3,994 in 1938-39. 
In so far, however, as additional appointments are 
due to the growing needs of research and increased 
specialization, the beneficial effect of the increase in 
the overall staff-student ratio from 1:8 in 1951-52 
to 1:7 in 1955-56 is less than might appear. The 
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continued fall in the value of money and rise in 
remuneration in other professions necessitated a 
further review of academic salaries in 1954, as a 
result of which the basic salary for non-medical pro- 
fessors was raised from the figure of £1,600 fixed in 
1949 to £1,900, while for readers and senior lecturers 
a range of salaries up to £1,850 was provided in place 
of the previous £1,600. The scales for lecturers were 
raised from £650 to £1,350 and for assistant lecturers 
from £550 to £650. The additional recurrent grant 
for this purpose made it possible to give immediate 
imereases averaging about 17 per cent. After con- 
sultation with the universities a scheme was devised, 
and approved by the Treasury and Inland Revenue 
Department, under which a supplementary pension 
can be given where the best single annuity pur- 
chasable with the proceeds of the policies held on 
behalf of the retiring member of staff is less than a 
specified rate depending on his position and length 
of university service. 

Recently a further increase in the salaries of 
university teachers has been announced in the House 
of Commons by the. Chancellor of the Exchequer. In 
a written reply to a question on March 12, he said 
that from August 1 the salary range for non-medical 
professors would be £2,300—£3,000 ; that for readers 
and senior lecturers up to £2,250; that for lecturers 
£900-£1,650, and that for assistant lecturers £700— 
£850. 

Discussing technological development, the report 
recapitulates arguments and decisions already familiar 
to readers of Nature, and the section dealing with 
non-recurrent grants also summarizes the recom- 
mendations of the Gater Committee and the decisions 
regarding the expansion of the Imperial College of 
Seience and Technology. Non-recurrent grants 
approved during the past four years, excluding 
capital grants of more than £1-5 million for the 
expansion of the Imperial College, totalled £23-8 
million. Of this sum, £18,972,000 was for buildings 
and £2,199,000 for sites and properties, the amount 
of new building work approved totalling about 
£17-25 million and general expenditure about £16 -25 
million, bringing the total spent on university building 
in the past nine years to about £31-25 million. If, 
however, the universities could have built at the rate 
estimated in 1947 as necessary to meet their admitted 
needs at 1947 prices, their building expenditure 
should have amounted to about £92 million. Visits 
to all the universities and university colleges have 
impressed the Committee with the extent of over- 
crowding and congestion, and although the more 
generous provision of capital grants for buildings to 
be started in 1957 and later years, rising to £12 
million in 1958, will ease this situation, a steady 
concentration of building effort of much greater 
volume than in 1952-56 is required to realize the 
desirable expansion of universities. Of major building 
projects approved in the period, including that at 
the Imperial College, 7 per cent is for arts, 62 per 
cent for science and technology, and 31 per cent for 
libraries, student unions, refectories, halls of residence 
and the like. 

The income of the universities rose from 
£25-75 million in 1951-52 to £36 -89 million in 1955-56 

and aggregate expenditure from £26-13 million to 
£38-07 million, the percentage of income from 
Parliamentary grants increasing from 66-5 to 72-7. 
That from fees fell from 14-8 per cent to 10-8 per 
cent, from endowments from 5-2 to 3-8 per cent, 
from local authority grants from 4-1 to 3-1 per cent 
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and from donations and subscriptions from 1-9 t 
0-9 per cent. Besides the recurrent grant for genera! 
purposes, including development in science and tech. 
nology, totalling £24,883,000 for 1956-57, recurreni 
grants for salary supplementation totalled £2,383,000 ; 
for pension supplementation £67,000 ; for the furthe: 
expansion of technological education £570,000 ; an: 
for the Institutes of Education at Liverpool and 
Reading £25,000. The Committee of Vice-Chancellors 
and Principals has framed proposals aiming at a 
greater uniformity of fees as between institutions and 
at producing an additional revenue of £5-600,000, 
which have been adopted by the universities and will 
come into force in 1957-58. The Committee believes 
that the way in which the universities have met 
the economic strains of the past five years should 
strengthen public confidence in their financial 
administration. 


PLANT-PARASITIC NEMATODES 


HE Linnean Society held a symposium on 

*‘Plant-parasitic Nematoda” on March 21, with 
the president in the chair. Introducing the sym- 
posium, Prof. B. G. Peters (Imperial College of 
Science and Technology) briefly outlined the charac. 
teristics of the group, pointing out that, although « 
pointed, hollow, protrusible spear or mouth-stylet 
had been independently evolved twice among the 
nematodes, most of the plant parasites were tylenchs. 
There were various types of association between 
plants and nematodes, with varying degrees of 
dependency ; also, the complex inter-relationships 
between parasite and host could be studied in many 
ways, three of which would be discussed by later 
speakers. Since two of these papers concerned species 
of Heterodera, he explained how these cyst-forming 
species lent themselves to quantitative estimates of 
population density. 

N. G. Hague and J. J. Hesling gave a joint paper 
on population studies on cyst-forming nematodes, 
based on work with Heterodera rostochiensis at the 
Imperial College and with H. major at Rothamsted, 
respectively. By growing plants in pots of soil to 
which had been added cysts so as to form a geometric 
series of population densities, they studied the effects 
of increasing density not only on plant growth and 
yield, but also on the final population density itself. 
Thus, both rate of larval multiplication and mean 
size of cysts decreased with increasing initial density. 
There was a Gaussian relation between the logarithm 
of the initial density and the multiplication rate ex- 
pressed as a proportion of estimated maximum rate. 

For the potato root eelworm, decreasing multi- 
plication rate with increasing initial density leads to 
@ maximum final density ; any larger initial density 
then gives a smaller final density. Therefore, unless 
great care is taken, experiments in which results are 
assessed by final densities may be completely mis- 
leading. 

A different approach to host—parasite relationships 
in Heterodera was outlined by T. D. Williams in a 
paper on “Potatoes Resistant to Root Eelworm”’. 
In this he summarized both the recent work of the 
plant breeders, and his own investigations, at the 
School of Agriculture, Cambridge, on the influence of 
resistant strains on the hatching and root-penetration 
of H. rostochiensis larve. 

An examination of the extensive Commonwealth 
Potato Collection by Ellenby led to his discovering 
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resistance in certain clones of Solanum andigenum (a 
tuber-forming tetraploid close to S. tuberosum) and 
in the species S. vernet (a wild diploid). Repeated 
back-crossing of the andigenuwm x tuberosum hybrid 
had led to very promising results, but these hybrids 
produced an active ‘hatching factor’ and the resultant 
hatched larve readily penetrated the roots, where 
they stimulated the formation of giant cells just as 
in normal potatoes. Although only males completed 
their development in hybrid roots, so that an eelworm 
population would be rapidly reduced by a succession 
of these crops, nevertheless this mass invasion of the 
roots led to a reduced yield of tubers. Worse, there 
was now evidence of an eelworm strain to which 
these hybrids were not resistant. Thus, the (at first) 
less-promising diploid, S. vernei, might in the long 
run prove the more reliable source of resistance. 

In the third paper, R. 8. Pitcher and J. E. Crosse 
(East Malling) discussed a very different eelworm, 
the ectoparasitic leaf-eelworm, A phelenchoides ritzema- 
bosi, which causes trouble in strawberries and other 
plants. Some years ago, these two workers showed 
that this eelworm could, in conjunction with Coryne- 
bacterium fascians, cause a curious condition called 
cauliflower disease. The interest of the phenomenon 
lay in the fact that both pathogens were required in 
order to get the very typical cauliflower symptoms in 
the strawberry plant. On the present occasion, Dr. 
Pitcher went through the subsequent experimental 
work which was necessary to prove the duplex origins 
of the disease. It was not enough to have the four 
categories: with and without eelworm, with and 
without bacterium (giving either, both, and neither), 
since in fact wild strams of the bacterium kept 
vitiating results. In the end, strawberry seedlings 
had to be grown from sterilized seed by sterile culture 
methods and eelworms had to be rendered sterile also. 
It was then possible to show that each pathogen 
could cause a characteristic symptom, but only 
together would they produce cauliflower disease. 

The ensuing discussion had the effect of under- 
liming the patchwork nature of present knowledge in 
this field. ‘The plant-parasitic nematodes are not only 
of great academic interest, readily lending themselves 
to experimental methods of investigation ; they are 
also of considerable economic importance. 

B. G. PETERS 


A NEW MICROWAVE AMPLIFIER 


OF. C. H. TOWNES and his associates at 

Columbia University described in 1955 (Phys. 
Rev., 99, 1264) a new type of microwave amplifier 
for which they coined the name ‘maser’—microwave 
amplification of stimulated emission of radiation. 
The amplification is produced by stimulated emission 
of radiation from systems in which a higher energy 
level is more densely populated than a lower one. 
Townes first demonstrated such an amplifier using 
molecular beams in gases. Attempts to apply the 
principle to solids have until very recently met with 
only partial success. 

Last October, N. Bloembergen (Phys. Rev., 104, 
324; 1956) directed attention to the possible use of 
power saturation of one transition in a multiple 
energy level system to obtain a change of sign of the 
population between another pair of levels. Now 
paramagnetic substances are characterized by an 
unpaired spinning electron and an inversion of the 
spin levels can be obtained. The particular group 
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known as ‘ionically bound paramagnetic salts’. are 
very suitable, and Bloembergen showed theoretically 
that crystals of nickel fluosilicate or gadolmium ethy! 
sulphate at liquid helium temperatures would be 
satisfactory to use for a low noise microwave amplifier, 
or frequency converter, that is, for a solid state 
‘maser’. 

The first successful operation of a ‘maser’ of this 
type, using a crystal of lanthanum ethyl sulphate 
containing about 0-5 per cent Gd*+++ and 0-2 per 
cent Ce+++ in contact with liquid helium at 1-2° K., 
was demonstrated by H. E. D. Scovil, G. Feher 
and H. Seidel at the Bell Telephone Laboratories, 
Murray Hill, New Jersey, on November 27, and a 
brief description has since been published (Phys. Rev., 
105, 762; 1957). The magnetically dilute para- 
magnetic salt crystal must have at least three energy 
levels the transitions of which fall within the micro- 
wave frequency range, and the basic operation can 
be explained by considering these three different 
energy levels for the unpaired spinning electrons in 
the crystal lattice for a large applied magnetic field. 
Normal electron spin states are such that the number 
occupying state 1 (the lowest energy state) exceeds 
the nurhber in state 2, which in turn exceeds the 
number in state 3 (the highest energy state). By 
irradiating the crystal with sufficient microwave 
power of the proper frequency, transitions from state 
1 to state 3 take place until the populations of these 
two states are essentially equal (power saturation). 
Under these conditions, the population of state 2 can 
be made greater than that of state 1, and if another, 
smaller, microwave signal of frequency corresponding 
to the energy difference between the states 2 and 1 
is applied, stimulated transitions will occur, giving 
rise to radiatidn with consequent power gain. 

In the experimental ‘maser’ a saturating magnetic 
field at 17-52 kMc./s. was used to induce transitions 
between the — 5/2 (the lowest) and the — 1/2 (the 
highest) energy states in the ground state of the 
gadolinium ion, and a signal at 9-06 kMc./s. was 
applied between the — 5/2 and the — 3/2 states. 
The crystal was mounted in a wave-guide cavity 
which was simultaneously resonant to the two 
frequencies, and occupied about 8 per cent of the 
cavity volume, being located at the point of maximum 
field intensity. Low-temperature operation is neces- 
sary in order that power saturation of the crystal 
takes place for a reasonable amount of energizing 
oscillator power and also to increase the population 
difference between the energy levels. For the required 
separation of the electron spin energy levels a d.c. 
magnetic field of 2,850 oersteds was applied at an 
angle of 17° to the normal to the crystal, but this 
magnetic field may be altered to change the electron 
spin energies and thus tune the frequency of the 
stimulated radiation. The graph of output power at 
9 kMc./s. against input power at 17-5 kMc./s. shows 
an output of 15 microwatts for an input of 200 
milliwatts, but the particular merit of the solid state 
‘maser’ is its very low inherent noise (corresponding 
to thermal noise of 5-10° K.) compared with ordinary 
electronic oscillators or amplifiers which depend on 
the motion of charged particles at high temperatures. 

It should be possible with this device to amplify 
extremely weak radio signals—signals which may be 
several hundred times weaker than those at present 
usable—and with proper choice of solid-state materials 
and operating conditions, the solid-state ‘maser’ 
should be a valuable pre-amplifier in a wide variety 
of microwave applications. S. WEINTROUB 
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By Pror. THEODORE GILLMAN and S. S. NAIDOO 
Department of Physiology and Schlesinger Organization Medical Research Unit, Medical School, University of 


Natal, Durban 


HE lipemic clearing action of heparin, in vivo, 
is now fully established. However, the mech- 
anisms whereby heparin induces its effects on lipemia 
are not fully understood. Most modern work in this 
field is directed towards elucidating the nature of the 
lipolytic enzyme (known to be liberated into the 
blood from the tissues following heparin injections), 
and the factors in blood and tissues influencing the 
action of this enzyme. Anfinsen' has recently 
reviewed some aspects of this field. 

The effects of heparin on lipemia (especially on 
chylomicron-rich plasma) other than through the 
liberation of this lipid-clearing heparin-liberated factor 
have, however, been somewhat neglected, despite the 
facts shown by Weld?, and later by Swank*, that 
prior to diminishing lipemia, injected heparin 
induced clumping of circulating chylomicrons as well 
as simultaneous agglutination of erythrocytes. Swank 
also showed that heparin could induce these same 
effects when added to lipzemic blood in vitro, although 
to a much smaller degree than in vivo. Apart from 
this report of Swank’s, the studies by Chargaff* on 
the in vitro action of heparin on lipovitellin, and of 
French, Robinson and Florey® on artificial in vitro 
systems of chyle, very little has been done on the 
lipemia-clearing actions of heparin when added in 
vitro. As will be indicated, such studies may have 
much to contribute to our understanding of lipid and 
mineral metabolism, tissue polysaccharides, reticulo- 
endothelial activity and erythropoiesis. 

ing the course of experiments on experimental 
cholesterol-induced atherosclerosis in rabbits, we 
observed that when the blood of such animals was 
collected, using potassium oxalate or ethylene- 
diamine tetraacetate as anti-coagulants, the chylo- 
micron emulsion remained stable and, in consequence, 
the plasma diffusely turbid. However, if heparin was 
used as an in vitro anti-coagulant, then, on standing 
at room temperature and especially at 5° C., or after 
centrifuging such lipemic blood, the emulsion was 
broken, with the resultant formation of a supernatant 
thick, creamy layer and an associated diminution of 
plasma turbidity (Fig. 1). These changes in lipemic 
plasma, and especially the formation of a creamy 
upper layer, are similar to those reported by French, 
Robinson and Florey® in artificial systems of lipid- 
laden chyle, treated either with citrate or with post- 
heparin plasma ‘factor’. These workers did not 
examine this in vitro settling out of lipid in any 
detail, although they did report that the chylo- 
microns clumped and became susceptible to some 
lipolytic factor in non-heparinized plasma. 

Further studies in our laboratories sires th that 
lipemic serum, to which heparin was id not 
react in the manner mentioned above, unless calcium 
ions were also made available in the form of calcium 
chloride. This indicated that the utilization of 
calcium ions, during clotting, had interfered with 
this chylomicron emulsion-breaking effect of heparin. 
Further experiments established that the ability of 
heparin, and of other sulphated hyaluronic acids, to 


produce this in vitro agglutination of chylomicron., 
with consequent separating out of lipids from tho 
chylomicronzmic serum, was dependent, at least in 
part, on the availability of calcium ions (see Figs. | 
and 2). Administration of cortisone, and of several 
other agents, did not influence the lipid-cream 
formation and consequent in vitro lipemia clearing 
effects of heparin acting in concert with calcium ions. 

It was further found that if the supernatant creamy 
layer described above was separated from the plasma 
or serum layer, the clumped lipid could be resus- 
pended into an emulsion by two or three washings 
with distilled water. This new artificial emulsion-in- 
water could not be broken by further additions of 
heparin, but could be broken, rapidly and com- 
pletely, by additions of calcium ions alone. This 
finding indicated that the washing of the lipid cream 
had leached out calcium ions, which apparently 
played a critical part in permitting the induction and 
maintenance of chylomicron clumping by heparin, 
and by several other sulphated mucopolysaccharides 
thus far tested (Fig. 2). Our findings would also 
seem to support the suggestion of French, Robinson 
and Florey that one of the primary effects of in vivo 
heparin-released plasma ‘factor’ may be on the 


1 2 3 4 5 6 
Fig. 1. (1) Oxalated plasma; no creamy layer; (2) heparinized 
plasma 2S= creamy layer + clearing of plasma; (3) lipemic 
serum; (4) lipemic serum + heparin; (5) — serum + 
calcium (0-1 ml. of 10 per cent calcium loride); (6) lipssmic 

serum + heparin + calcium. 
Note creamy layer separation with — of serum with heparin 
and calcium ions only when present simultaneously 


1 2 3 4 
2. In vitro li and chylomi tinating 
of sulphated ‘hyaluronic acid and calcium Tons 1-4 


to tubes 3-6 in Fig. 1, with sulphated hyaluronic acid 


as a substitute for heparin) 
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surface properties of chylomicrons. However, it 
seems that, even in vitro, heparin, in combination 
with calcium ions at least, may have a direct effect 
on the physical state of chylomicrons without any 

intermediary enzyme being liberated from the 
tissues. 

It is believed that these findings, viewed in the 
light of those of Swank and others mentioned above, 
may indicate another approach to several interesting 
aspects of the interrelationships of lipwmia, lipid 
deposition and mineral metabolism, especially in 
connexion with the polysaccharides of connective 
tissues generally. This includes the hemolytic effects 
of a high fat diet, reviewed and reported on by 
Swank‘, the severe anemia and reticulocytosis in 
many of our cholesterol-fed rabbits’? and the pro- 
duction of spontaneous fractures in several cholesterol- 
fed rabbits receiving repeated injections of heparin or 
other sulphated hyaluronic acids over long periods 
(Gillman, Hathorn and Penn, unpublished results). 
We are now studying the possible effects of exogenous 
or endogenous heparin on in vivo clumping of chylo- 
microns and red cells, on p is of such macro- 
molecular masses of lipid by the reticulo-endothelial 
system, and the stimulating effects of such phago- 
cytosis on the production of some lipolytic enzyme, 
as my as on erythrophagocytosis of agglutinated red 
ce 

Since this communication was sent to press, Neveu 
et al.* have reported on the role of the reticulo- 
endothelial system in the clearance of cholesterol 
from the circulation. They demonstrated that the 
rate of clearance of injected cholesterol could be 
speeded up 24 times by pretreating their rats with 
12 mgm. of heparin. They believed that heparin may 
act “. . . by dissolving the chylomicra and perhaps 
by altering the size of lipoproteims’. The results 
presented here, together with those provided by 
Swank’, indicate that heparin (and probably other 
mucopolysaccharides) may expedite phagocytic clear- 
ance of lipid and other colloidal particles, not by 
‘dissolving’ but rather by promoting intravascular 
agglutination and increased ‘stickiness’ of such 


Structure of the Silk of Chrysopa Egg-stalks 
HE colleterial glands of insects secrete proteins 
which show certain well-defined and particularly 

interesting features. The ribbon-like structures of 

the odtheca of mantids have been described already’ ; 
other materials being studied are the egg-cases of 

Aspidomorpha, the cocoons of Hydrophilus, and 

the egg-stalks of Chrysopa. The last-named are fine, 

positively birefringent fibres 15-20 thick and about 

1 cm. long, depending on the species. They give 

X-ray diffraction diagrams and infra-red absorption 

which suggest that 6-polypeptide chains lie at right- 

angles to the fibre axis; this resembles the cross-$ 
configuration produced by the thermal contraction of 
epidermal protein, myosin and fibrin’. 

The X-ray diffraction diagram of normal un- 
stretched Chrysopa egg-stalks is shown in Fig. 1, the 
fibre axis being vertical. There are four layer- eos 
corresponding to @ period of 9-44 A. (a-axis), the 
strongest being the second, and reflexions which 
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colloids, with consequent speedy phagocytosis of the 
resultant sticky, agglutinated masses in a manner 
similar to that described by Knisley and Warner® 
for india ink in frogs. Thus, the possible role of 
mucopolysaccharides, in concert with calcium and 
perhaps other ions, in modulating the phagocytic and 
metabolic activities of the reticulo-endothelial system 
would seem to merit intensive study in the light of 
these findings and suggestions. The intramural 
localization of lipid deposits in vessels may also 
perhaps be a function of the accumulation of muco- 
polysaccharides and minerals during repair of previous 
vascular injuries’. 

The latter aspect of this problem is of special 
interest to us in the light of the effects on erythro- 
poiesis of other macromolecules, reported on pre- 
viously’*. The relation between connective tissue 
polysaccharides and mineral metabolism in general, 
and of metastatic calcification and siderosis in par- 
ticular already demonstrated in this laboratory, is 
also receiving attention by our group, as are the 
alterations in electrophoretically determined mobility 
of plasma lipid induced by heparin. 

We are glad to acknowledge the very generous 
grant from the Schlesinger Organization which made 
the execution and presentation of this work possible. 
We are also indebted to Dr. G. H. Berryman, of 
Abbott Laboratories, and Dr. R. L. Craig, of G. D. 
Searle and Co., for generous supplies of heparin and 
sulphated hyaluronic acids used in these studies and 
to Dr. M. Hathorn for taking the photographs. 
a C. B., Symposium on Atherosclerosis, U.S. Nat. Acad, 

., Nat. Research Council, 217. 
‘pian c. B., quoted byjSwank, ref. 3. 
* Swank, R. L., Amer. J. Physiol., 164, 798 (1951). 
‘ Chargaff, E., J. Biol. Chem., 142, 491 (1942). 
and Florey, H. W., Quart. J. Bap. 
* Swank, R. L., Blood, 9, rg 
* Gillman, T., Hatho rn, and Penn, J., 
Tissues, Council x, "International Organizations of Medical 
Sciences, July 1956 (in the press). 
* Neveu, T., Ath. Amer. J. Phys., 187, 269 (1956). 
Videnskabs. 


* Knisley, M. and Warner, L., Kgl. 
Skrifter, "No. 7 (1948). 
1° Gillman, T., Acta Haemat., 15, 364 (1956). 
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appear to be 200, 300 and 400 are present. On the 
equator the strongest reflexion is 002 at 5-42 A., and 
004 is also conspicuous, but no 0k0 reflexions have 
been detected on the equator except possibly 060 at 
1-15 A. Reflexions corresponding to 012, 022 and 
211 indicate a b-axis period of approximately 6-95 A., 
as is found in various fibroins**. Reflexions of the 
type h00, h0l and 00/ are sharp, whereas those with 
@ non-zero k index are broader. In many features 
Fig. 1 would be closely similar to the diffraction 
diagram of Antheraea mylitia illustrated by War- 
wicker*, had this been available with rotation about 
his b-axis. However, the c-axis repeat of 5-42 A. in 
Fig. 1 is @ little greater than that found in other 
wild-type silks, presumably because of the larger 
side-chains of serine residues which have been found 
so abundantly in Chrysopa egg-stalks by Lucas, Shaw 
and Smith (see following communication). 

There are several features which have not been 
observed in other types of silk. Prominent reflexions 
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at about 17 A., 10 A., 7-3 A. and 3-65 A. are found 
on. the equator, and there are also a number on the 
first layer-line. Some of these are observed to increase 
by swelling in water, while the main fibroin pattern 
is not affected. Whether they represent a super- 
lattice or another configuration of the protein is still 
in question. 

The egg-stalks can be stretched quite readily both 
wet and at room humidity. When stretched in water 
to five to six times their original length, they become 
more strongly positively birefringent, and the dif- 
fraction diagram, Fig. 2, is recognizable at once as 
the usual fibre photograph of wild-type silks (rotation 
about the b-axis). This structure, with extended 
polypeptide chains lying parallel to the fibre axis, is 
referred to as the parallel-8 form to distinguish it 
from the cross-8 form where similar polypeptide 
chains lie across or at right-angles to the fibre axis. 
The photograph of Fig. 2 was obtained from only 
five fibres which were stretched individually. Fibres 
could be highly stretched more successfully when 
recently produced by the insect—those stored for 
weeks became more brittle—whereas stretching a 
bundle leads inevitably to the inclusion of broken, 
partially-stretched fibres. To obtain the perfect 
parallel-8 form of silk is thus difficult, but Fig. 2 is 
sufficient to establish the main features. Compared 
with Fig. 1, the reflexions are comparatively diffuse, 
especially the c-axis repeat, 002. This reflexion has 
an outer sharper zone corresponding to approx- 
imately 5-4 A., and the main area is spread inwards 
towards the central spot. The outer sharper region is 
partly, if not wholly, due to the incomplete pro- 
duction of the parallel-8 form, since other reflexions 
show that some of the structure of Fig. 1 is still 
present in Fig. 2. It is noteworthy that, during the 
stretching, Fig. 1 changes over to Fig. 2 without 
intermediate orientations. Thus the change is like 
an intramolecular transformation rather than a 
rotation of micelles. There is no obvious long-range 
elasticity and the parallel-8 form does not contract 
significantly on release in water. : : 

Using unstretched egg-stalks, polarized infra-red 
absorption measurements were made on both squeezed 
and sectioned fibres. The C=O stretching vibration 
has a component of absorption at 1,625 em."! which 
can be ascribed with certainty to {-protein, and 
the dichroism of this band is parallel in the sense 
defmed by Elliott®. There is also a considerable 
absorption at 1,650 cm.-?, but this is not dichroic ; 
thus there is no direct evidence of an oriented 

x-protein fraction which, if present, might account 


for some of the additional X-ray reflexions. The 
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N—H stretching-vibrations occur at 
3,290 cm.-! and 3,090 em.-1, anc 
after partial deuteration they show 
a parallel dichroism of 5:1. There 
is an unusually large component of 
absorption centred about 3 which 
disappears on deuteration, and this 
is reasonably attributed to the 
hydrogen-bonded OH groups o/ 
serine residues. The overtone 
spectrum of a thick bundle of 
fibres immersed in ‘Nujol’ was alsv 
examined. The single band at 
4,860 cm.~! showed a strong perpen- 
dicular dichroism, whereas the ban: 
at 4,590 cm.-! showed two com- 
ponents, with that corresponding 
to B-protein having perpendicular 
dichroism. Single fibres which had been stretched 
300 per cent and then rolled flat showed a change to 
perpendicular dichroism of the N—H and C=(0 
stretching absorptions in the fundamental region of 
the spectrum. These observations thus support the 
picture obtained from X-ray studies. 

Two other features of note are as follows. The 
viscous protein within the colleterial gland gives rise, 
when dried, to the same type of diffraction pattern 
(Fig. 1) as the fibres do, though only slightly orientated. 
Of especial interest is the structure of the basal 
pedestal of Chrysopa flava egg-stalks, which consists 
of a film of protein spread upon the leaf surface prior 
to the drawing of the fibres by the laying insect. 
This pedestal shows the polypeptide chains per- 
pendicular to the film, and the a- and c-axes lie in 
the plane of the film. Such an orientation has not 
been found when gland protein is dried as a film on 
glass ; so among other things it is necessary to con- 
sider the effect of spreading this protein on a waxy 
surface such as is presented by the cuticle of the leaf. 
The pedestal structure recalls Mitchison’s observation 
of a similar orientation of protein beneath the lipid 
layer of the red blood corpuscle*. ; 


K. D. 
K. M. Rupatu 


Department of Biomolecular Structure, 
University of Leeds. 
Feb. 14. 


Rudall, K. M., “Scientific Basis of Medicine”, § (Athlone Press, 1956). 


* Rudall, K. M., Symp. on Fibrous Proteins, J. Soe. Dyers and 
Colowrists (1946) ; “‘Advances in Protein Chemistry”, 7, 255 


Warwicker, J. 0., Trans. Farad. 62, 545 (1956). 


* Elliott, A., J, App. Chem., 6, 841 (1956). 
* Mitchison, J. M., J. Exp. Biol., 80, 894 (1953). 


Amino-Acid Compos'tion of the Silk of 
Chrysopa Egg-stalks 
We have recently carried out an amino-acid 


analysis of the egg-stalk of the green lace-wing fly 
(Chrysopa flava). Our attention was directed to this 
interesting protein fibre by Drs. K. D. Parker and 
K. M. Rudall, of the ment of Biomolecular 
Structure of the University of Leeds, who kindly 
provided us with a sample of the material. The 
X-ray and infra-red findings of these workers are 


described in the preceding communication. 
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Table 1 

| Amino-acid nitrogen (gm.) per 
| Amino-acid 100 gm. protein nitrogen 
Serine 40-7 
} Glycine 23-5 

Alanine 20-2 
| Aspartic acid 5-7 

Threonine 30 

inine 18 

Glutamic acid 0-8 
| 
| isoleucine trace 

Lysine 
| Valine ” 
Total nitrogen 16-7 per cent 


* Determined by the method of Goodwin and Morton (ref. 4). 


The Chrysopidae are carnivorous in both the larval 
and imago stages, the food being composed mainly 
of aphids’. The female fly possesses a secretory gland 
in the form of an caouganed oval-shaped sac, in which 
a colourless viscous solution is secreted. During 
oviposition, the fly excretes a drop of this fluid on 
to the underside of a leaf of the host-plant and draws 
from it a slender filament on the tip of which the egg 
is deposited and held until it is firmly attached 
through the hardening of the filament. By repeating 
this process, the fly builds up a group of filaments 
each with an egg on the tip, the filaments frequently 
forming @ small bundle loosely held together. Their 
length varies with the species of fly, but for Chrysopa 
flava they are 8—-9 mm. long. 

Employing @ method developed in these labor- 
atories*, we have carried out four amino-acid analyses 
of the protein composing these egg-stalks, using 
altogether about 6 mgm. of material. The mean 
values of these analyses are given in Table 1. 


NATURE 907 


It is seen that the three amino-acids with the 
simplest side-chains (glycine, alanine and serine) 
account for 84-4 per cent of the total protein. In the 
silk fibroin of Bombyx mori, the total of the same 
amino-acids is closely similar at 86-2 per cent*, but 
this total is made up of 44-1 per cent of glycine, 
29-7 per cent of alanine, and 12-4 per cent of serine. 
Attention may be directed to the very high serine 
content of the egg-stalk fibre ; so far as we are aware, 
this is the highest serine content recorded for any 
protein. 

In the ordered crystalline part of Bombyx fibro, 
which comprises some 60 cent of the protein, 
glycine accounts for half the total residues. We have 
recently shown that in this fraction glycine residues 
alternate with those of alanine or serine*. 

In the case of the Chrysopa fibre, the ratio of 
serine : alanine: glycine is approximately 2:1: 1, 
and it may well be that sequences of the form 
Ser.Gly.Ser.Ala occur in this protein. Studies of the 
amino-acid sequence would undoubtedly yield inter- 
esting results, but the comparatively large amounts 
of material necessary for partial hydrolyses are not 
at present available. 


F. Lucas 
J. T. B. SHaw 
8S. G. Smrra 
Shirley Institute, 
Manchester 20. 
Feb. 


* Killington, F. T., “British Neuroptera” (The Ray Society, London, 


1936). 
Lucas, F. w, J.T. B.. .. and Smith, 8. G., Shirley Inst. Mem., 28, 
, 46, T440 (1955). 
* Lucas, F., Shaw, J. T. a wo Smith, 8S. G., Nature, 178, 861 (1956) 
‘ Goodwin, T. W., and Morton, R. A., Biochem. J., 40, 628 (1946). 


MYCORRHIZA AND PHOSPHORUS UPTAKE 
By T. M. MORRISON 


Soil Bureau, Department of Scientific and Industrial Research, Wellington 


ARLEY et al. have shown that excised mycor- 
rhizas of Fagus are able to accumulate more 
phosphorus than non-mycorrhizal roots due to the 
avidity of the fungal component for phosphorus’. 
That this phosphorus is transferred from the sheath 
to the host tissues in larger amounts than phosphorus 
absorbed by non-mycorrhizal roote is not clear from 
their work. In early experiments they showed, in 
fact, that ‘‘on an average the accumulation into the 
host tissue is twice as great in non-mycorrhizal roots 
as in mycorrhizal roots’’*. They later demonstrated 
that a gradual active transfer of phosphorus does 
occur from sheath to host tissue and is potentially 
capable under natural conditions of transfe’ 
substantial amounts of phosphorus to the host 
tissues*. I have found that, using intact Pinue plants, 
after fourteen days exposure to phosphorus-32 
mycorrhizal plants showed a markedly greater uptake 
of this element than did non-mycorrhizal plants‘. 
The present communication confirms and extends 
this result. 
Seedlings of Pinus radiata were transferred to 
expanded ‘Perlite’ soon after germination. This was 


inoculated with sterilized pine humus to produce 
non-mycorrhizal plants or with unsterilized humus to 
produce mycorrhizal plants. Nine weeks later, plants 
were transferred to the experimental pots containing 


sterile expanded ‘Perlite’. Twelve mycorrhizal and 


twelve non-mycorrhizal plants were waterea wi 


culture solutions as shown in Table 1. After eight 
weeks in these pots, six plants from each of the 
treatments were harvested and analysed for total 


(Table 1). 


PHOSPHORUS CONTENT (MGM. P/100 GM. DRY WT.) AND 
Dey. or SHoots OF MycorRHizAL AND NON-MYCORRHIZAL. 


(Values are means from six plants) 


Non-mycorrhizal 

Phosphorus Mycorrhizal plants plants 
level Phos- 
in solution | Dry wt Phosphorus | Dry wt. phorus 


P70 p.p.m. 0-167 gm. 130 mgm. 0-160 gm. | 105 mgm. 
per cent per cent 

Pm 4-1 p.p.m. | 0-202"'gm. 181 mgm. 0-188 gm. | 116 mgm. 
r cent per cent 

Pa 41-3 p.p.m.{0-201 gm.| 401 0-189 gm. | 428 mgm, 
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1. Activity of shoot tips of oe (@—@) and non-mycorrhizal (O—O) plants 
(Pa), medium (Pm) = low (P:) phosphorus status after addition of phosphorus-32. 
Each graph represents the mean value from four plants 


The remaining plants were treated with phos- 
phorus-32 on the following day. Plants were trans- 
ferred to individual pots of 500 ml. capacity filled 
with expanded ‘Perlite’ and watered in with the 
following solution buffered to pH 5-5 with potassium 
hydrogen phthalate: 50 ml. Long Ashton nutrient 
solution’ + 50 ml. distilled water + 50 ml. of a 
solution of phosphorus-32 (as H,P*O,) having an 
activity of lue./ml. on that date. This solution thus 
contained 14 p.p.m. phosphorus. Shoot tips of plants 
were assayed for activity daily by placing each in a 
fixed position in front of an end-window Geiger 
counter connected to a counting-rate meter, so that 
emissions from the apical tuft of leaves reached the 
counter while those from other parts of the plant and 
from the medium were effectively blocked. Six days 
after addition of phosphorus-32, two plants from 
each treatment were transferred to fresh expanded 
‘Perlite’ after careful washing and watered in with a 
nutrient solution lacking phosphorus. Daily 
of activity were continued on plants from both series. 
The experiment was terminated 21 days after 
application of phosphorus-32. 

In Fig. 1, daily activities are shown of shoot 
tips of plants exposed to phosphorus-32 for 21 
da; 


ys. 
Uptake by the shoots of non-mycorrhizal plants in 
the three phosphorus treatments can be clearly 


T 


e 


COUNTS/MIN. (THOUSANDS) 


© 
a 


DAYS 


Fig. 2.. Activity of shoot tips of mycorrhizal (@—@) and non- 

mycorrhizal (O—O) plants removed to phosphorus-free medium 

after six days exposure to phosphorus-32. Each graph represents 
the mean a9 from six plants 
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divided into two phases: (a) an 
initial rapid uptake for 4—5 days, 
the rate of which was inversely 
related to the phosphorus status 
of the plants; (6) a second period 
of slower uptake thereafter. 

Uptake by the shoot tips of 
mycorrhizal plants, on the other 
hand, consisted of a single phase, 
while the phosphorus status of 
the plants appeared to be of 
no importance in the rate of 
phosphorus-32 uptake up to the 
nineteenth day of the experiment. 
During the last few days of the 
experiment, however, the shoot 
tips of mycorrhizal plants of high 
phosphorus status appeared to 
be taking up less phosphorus-32 
than mycorrhizal plants of lower 
phosphate status. 

In Fig. 2 daily activities are shown for the shoot 
tips of plants removed to phosphorus-free medium 
after exposure to phosphorus-32 for six days. Shoot 
tips of non-mycorrhizal plants ceased uptake of 
phosphorus-32 after two days, whereas shoot tips of 
mycorrhizal plants continued uptake at an unreduced 
rate for five days, and thereafter continued but at a 
slightly reduced rate. 

If, as seems reasonable, the activity of the shoot 
tip is directly related to the amount of phosphorus-32 
absorbed by roots of non-mycorrhizal plants or 
transferred to the host tissues from the fungus 
mantle in mycorrhizal plants, it is obvious that 
mycorrhizas of Pinus radiata form a barrier to phos- 
phorus uptake by the host during the first few days 
after application of phosphorus. Thereafter mycor- 
rhizas enhance phosphorus uptake by the host tissues, 
as has also been shown by investigations based on 
chemical analyses of plants maintained for long 
experimental periods*. It would appear that in 
mycorrhizas there is an initial rapid absorption and 
accumulation of phosphorus by the mantle from the 
medium, and a slower but relatively constant transfer 
from the mantle to the host tissues after application 
of phosphorus. This rate of transfer is markedly in 
excess of phosphorus supplied by non-mycorrhizal 
roots during the second phase and is less dependent 
upon the accumulatory processes of the host 
tissues than is absorption by non-mycorrhizal 
roots. 

This communication shows that in this type of 
experiment rather different results may be obtained 
depending upon the duration of the experiment. 
Thus during the first-four days after application of 
phosphorus-32 in this experiment uptake of phos- 
phorus by shoots of non-mycorrhizal plants was 
markedly greater than that of shoots of mycorrhizal 
plants. In the second period this relation has been 
reversed. This second period is important to the host, 
and it is the rates of phosphorus supply to the shoot 
during this period that are determined in experiments 
of longer duration. 


1 Harley, J cCready, C. C., New Phytol., 49, 388 (1950); 
51, 342 92 (1954). 

* Harley, J. L., and McCready, C. C., New Phytol., 51, 56 (1952). 

* Harley, J. ai and Brierley, J. K., New Phytol. , 58, 240 (1954); 54, 
296 (1955). 

* Morrison, T. M., Nature, 174, 606 (1954). 

* Hewitt, E. J., Commonwealth Bur. Hort. Plantation Crops, Tech. 
Comm. No. 22, 189 (1952). 

* Hatch, A. B., Black Rock. For, Bull., No. 6 (1937). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Relativistic Ageing 


WERE a new Isaac Newton born to-day, we could 
send him space-travelling so as to return to us in 
thirty years time at, say, the age of three. This would 
be in accordance with the theory of relativity and 
with experimental tests of the theory'—and all we 
should get for our efforts would be a retarded child. 

Suppose now the possibility were the other way 
round. If we could get Newton II back in three 
years time at the age of thirty, then we should 
expect to learn something. The discovery of a new 
theory of the nucleus or of the universe might be 
advanced by a couple of decades. But this possibility 
is forbidden by relativity theory and by the experi- 
mental verification of the theory. 

Many people are reluctant to accept the inference 
that a space-traveller can return younger than his 
stay-at-home twin because the result is represented 
as implying some sort of unearned profit. They are 
convinced that there must exist some principle of 
Nature that forbids such profit. . However, the 
retarded ageing is a loss and not a gain. Accelerated 
ageing would be a gain and, if we like to put it that 
way, there is a principle of Nature that forbids it. 
The situation is illustrated by the example of Newton 
II, but it can be stated quite generally and precisely. 

The object of physics is to predict the results of 
given experiments, that is, experiments concerning 
stated events. The prediction can be thought of as 
being carried out by automatic computers. Suppose 
that for a particular experiment to be performed in 
a terrestrial laboratory thirty years hence, the pre- 
dictions will be just ready if we keep two computing 
machines working to capacity until then. Let us 
now give one of these machines its share of instructions 
and then dispatch it on the possible space-flight 
suggested above. It will come back having done 
only one-tenth of its allotted task. Thus the loss I 
have mentioned, twenty-seven years worth of com- 
puting in this case, is a real one. Also it is some- 
thing about which all observers will agree. 

Stated generally, the conclusion is: If for any 
physical purpose we require physical results which 
we obtain in a freely moving laboratory, then we 
shall always place ourselves at a disadvantage, in 
regard to the same purpose, by using a laboratory 
constrained to move in any other way. 

Thus the properties of relativistic ageing may be 
summed up as a ‘principle of impotence’ in the style 
of those noticed by the late Sir Edmund Whittaker? : 
it is impossible by any departure from free motion 
to improve our ability to predict the consequences 
of a physical experiment. There is no particular 
philosophical significance in our being able to state 
the conclusion in this way; but it is helpful in 
bringing it into line with other broad physical 
principles. 

In the usual language of physics, a freely moving 
laboratory means one that remains in (or simply 
constitutes) an inertial frame. A constrained lab- 
oratory is one that does not remain in (or does not 
constitute) a single inertial frame. The distinction 
is absolute because we must take some deliberate 
action, such as operating a jet engine, in order to 
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depart from an inertial frame. It is to be emphasized 
that we consider a particular experiment concerning 
particularized events, not merely some class of 
experiment. 

it is interesting, though not surprising, that the 
relativistic conclusion is consistent with thermo- 
dynamical principles. For example, we may consider 
two similar black bodies at a given temperature which 
are cooling by radiation into free space. If one is 
kept at rest in an inertial frame while the other is 
dispatched on a space-flight and brought back, then 
the latter on its return will have cooled less than the 
first because it has had the shorter proper-time in 
which to do so. This is thermodynamically admissible, 
since the same outcome could have been achieved 
by keeping this body at home and painting it white. 
On the other hand, were it possible to send the body 
on @ round trip of longer proper-time than that for 
the first body, we should have a means of causing 
a black body to radiate faster than the maximum 
rate permitted by standard thermodynamics. 

As regards actual observations, if two observers 
part and re-join, then the totality of events accessible 
to their observation during the interval is the same 
for both. This is because at parting and re-joining 
they have common backward light-cones, and the 
region of space-time between the two common cones 
is completely filled by the intermediate backward 
cones of each observer. On his return, the space- 
traveller has therefore seen no more of the universe 
than has his twin. The fact that he has not seen less 
does not contradict the stated principle, because the 
present remarks concern only the passive observation 
of events, not the use of the observations. 

Those who deny the possibility of asymmetric 
ageing assert in effect that we must always ultimately 
break even, in the sort of situation I have envisaged, 
whatever intermediate action we take. But Nature 
does not work that way; it never hinders us from 
getting less than full marks. In any event, the 
impossibility of asymmetric ageing would violate 
relativity theory by requiring the restoration of 
universal time, as I have pointed out elsewhere’*. 

The train of thought followed here was started by 
Dr. J. S. Courtney-Pratt, of Cambridge, remarking 
to me that, if asymmetric ageing is possible, a space- 
traveller could get his problems solved more quickly 
than he could do them himself by getting an earth- 
dweller to do his thinking for him. This is clearly 
valid. But it made me realize that, at a given event, 
that is, as regards predicting the result of a given 
experiment, the space-traveller is at a disadvantage 
in that he has to get his information from the Earth, 
and not vice versa. (Dr. Courtney-Pratt did not 
suggest otherwise ; he used his inference in a different 
application.) This is not to deny that the possibilities 
of space-travel could in principle be exploited so as 
to take account of human frailties. Had Newton I 
in his prime set off on the trip suggested by Sir 
Ronald Fisher‘, he would be arriving back just about 
now aged about forty-five. If his powers of assimila- 
tion were adequate, his views on present problems 
would be valuable. Nevertheless, as compared with 
Newton II, this would be on account of Newton I’s 
past personal experience. Had he left behind a 
sufficient record of that experience for Newton II, the 
returning Newton I would have no advantage over 
Newton II. 

Although this communication contains nothing 
essentially new, it is thought that the view of asym- 
metric ageing as essentially involving a sacrifice of 
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information may make the concept less repugnant 
to some minds. The situation is described for cases 
where gravitational effects are of minor significance 
for the phenomena considered, as they probably are 
in the actual universe. If they are not, similar results 
would still hold good, but with some general re- 
strictions on the statements. The mie of 
impotence, for example, would apply to any not 
too great departure from free motion. 


W. H. McCrea 
Royal Holloway College, 
Englefield Green, 


‘Crawford, F. 8., jun., Nature, 179, 35 (1957). 

Whittaker, E. T., Phil. Mi (7), SB, 358 
Edin. 1, 160 (1942) ; “see : 
Foreseeable Future” 1980) 

* McCrea, W. H., Nature, 177. 784 (1956). 

* Fisher, Sir Ronald, Discovery, 18, 56 (1957). 
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Some Properties of Neptunium Metal 

A PRELIMINARY study has been made of the 
properties of a small piece of neptunium prepared 
elsewhere in these laboratories by a bomb reduction 
process. The principal impurities present in the 
metal were, by weight per cent, as follows: calcium, 
0-34; uranium, 0-22; nickel, 0-06; magnesium, 
0-03; chromium, 0-03; plutonium, 0-03; alum- 
inium, 0-02; molybdenum, not more than 0-05; 
vanadium, not more than 0-06; figures for 
fluorine and oxygen, which were probably also 
present in small quantities, are not available. A 
powder photograph on unannealed filings agreed 
with that previously reported! for the orthorhombic 

a-phase stable at room temperature. 

The density of the imen was found to be 
20-2 gm./c.c. at 20°C. Three determinations of its 
specific heat by immersion in water were highly 
consistent and averaged 0-0319 cal.gm-* °C.-*, the 
range being 29—-99° C. Allowance for specimen cooling 
during transfer might lower this figure by 1-2 per 
cent, whereas correction for impurities might raise 
it by 1-2 per cent. It lies in any event between 
published figures for uranium and plutonium. 

A representative section was prepared for metallo- 
graphic examination in a ‘glove box’ using standard 
methods. Inclusions were present to the extent of 
about 3 per cent by volume and at least two types 
were recognized, although not positively identified. 
The larger inclusions had segregated to a narrow band 
at one surface whereas the remainder, in the main 
body of the material, appeared to outline a dendritic 
structure. Porosity was mainly confined to a single 
cavity, probably produced by contraction during 
solidification, and was estimated at less than 0-1 per 
cent of the specimen as a whole. The difference 
between the observed density and the theoretical 
(20-45 gm./c.c.) is, therefore, attributed mainly to 
the presence of impurities. Reasonably good grain 
contrast was obtained under examination in polarized 
light after the specimen, in the mechanically polished 
condition, had been allowed to oxidize for some hours 
in air. There appears to be a close relationship 
between these grains and the original dendritic 
structure. The grains, which had a mean diameter 
of about 0-3 mm., were very irregular in size and 
shape and somewhat similar to those in cast uranium, 
although no clear evidence of sub-grains was obtained. 
Deformation twins observed near hardness impressions 
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were long, thin and parallel-sided, and were frequent! . 
restricted to a single system in a given grain. 

A Meyer hardness analysis* with a 1-mm. steel ba!| 
under various loads from 1 to 120 kgm. gave the 
following relationship between the load L (kgm.) an: 
the diameter d (mm.) of the impression for loads 
greater than about 15 kgm.: L = 360 d*™*. The 
Meyer index is thus 2-19 and the ultimate bali 
number is 458. Diamond pyramid indentations wit|, 
loads greater than 10 kgm. gave a Vickers hardness 
figure of 355. The metal therefore appears to be 
considerably harder than uranium im @ similar 
condition. On the basis of the derived stress-strain 
curve and the semi-empirical relationships between 
hardness and tensile strength, these results suggest 
that the ultimate tensile strength of neptunium in 
this condition is in the region 80-90 tons/sq. in. 

Dr. J. F. Walker, Mr. H. R. Horton and Mr. A. 1). 
McIntosh assisted with this work. We are grateful 
to the Managing Director, United Kingdom Atomic 
Energy Authority, Industrial Group, for per- 
mission to publish this communication. 


V. W. ExpREep 
G. C. Curtis 
Research and Development Branch, 
Windscale Works, 
Sellafield, Cumberland. 
March 12. 


* Zachariasen, W. H., Acta Cryst., 5, 660 (1952). 
* Tabor, D., “The Hardness of Metals” (Oxford, 1951). 


Annular Detonation in Cast T.N.T. 


WHILE studying the setting up of detonation in 
cylindrical T.N.T. charges initiated by relatively 
weak primers, we have y observed the 
immediate appearance in the charge of an annular 
detonation wave. The wave originates near the 
surface of the charge, grows in width as it is propa- 
gated through the charge, and finally coalesces over 
the full charge-width. 

The charges were cast by pouring the molten 
explosive into cylindrical metal moulds at room tem- 
perature, and had the crystal structure shown in 
Fig. 1. Three regions of particular relevance to our 
work are the finely crystalline surface-chilled layer, 
the axial and radial crystal systems originating at 
the mould surfaces and the conical surface along 
which these systems meet. 

Bare charges of this type, 1-25 in. in diameter 
and of various lengths, were initiated in the axial! 
direction by the shock from one or more }-o0z. tetry! 
pellets of the same diameter and 0-25 in. long. A 


Fig. 1. Section the structure of a cast T.N.T. 
charge : talline layer; (0) conical 
system ; 


ral radi 
(d) ‘cast end’ of charge f formed at the base of the mould 
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Fig. 2. Growth of annular de 


rotating mirror camera with its field of view re- 
stricted to a plane containing the axis and one 
diameter of the charge recorded the luminous events 
accompanying the arrival of the shock front at the 
end face. 

When a 0-5-in. long primer was detonated in 
contact with the cast end of a charge 1/16 in. long, 
the record showed a strongly luminous narrow 
annulus at the edge of the shock front. As the 
charge was progressively lengthened this annulus 
grew in width and intensity while the central section 
of the shock faded (Fig. 2). The annular part of the 
shock front, which is effectively an annular detonation 
wave, coalesced over the full charge-width after 
travelling one inch from the cast end and thereafter 
the shock was propagated stably through the re- 
mainder of the charge. The velocity of detonation of 
the growing annular wave was little different from 
that of the subsequent propagation and both were 
of high order. 

A similar type of annular detonation was observed 
in charges containing radial crystals only, but its 
generation required a minimum primer length of 
1-25 in. Annular detonation once again appeared 
at the edge of the shock front and its subsequent 
development closely followed the pattern already 
described. 

The occurrence of the annular detonation wave is 
closely associated with the crystal structure existing 
in the cast charge. It is well known! that the 
sensitiveness of & cast charge to shock initiation is 
related to crystal size, the finer granulations having 
the greater sensitivity. In our charges there is a 
progressive coarsening in crystal size from the surface 
to the interior, so that the most sensitive regions lie 
very near the surface. The cylindrical symmetry of 
the castings results in the sensitive region appear- 
ing as an annulus in a transverse section of the 

By using primers of minimum length, the intensity 
of the initiating shock has been kept to such a low 
level as to cause reaction in only the most sensitive 
regions. In charges containing radial crystals only, 
the sensitive region extends uniformly down the full 
length of the charge, approximating in shape to a 
hollow cylinder situated at the charge surface, and 
requires a primer 1-25 in. long to cause preferential 
reaction in it. In the cast end of a charge (Fig. 1) 
the sensitive region again lies near the curved surface 
of the charge, but is restricted in the axial direction 
to an annulus which our experiments have shown to 
lie within 1/16 in. of both the end face and the 
cylindrical wall. This region contains the terminal 


tonation at cast end of charge. 
(a) 3/16 in.; (6) 3/8 in.; (e) 6/8 in. 
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ends of both axial and radial 
crystals in their most sensitive 
size, and the particular conditions 
which result cause an annular de- 
tonation to be set up by a primer 
only 0-5 in. long. In both cases 
the development of the annular 
wave takes place in radially crystal- 
lized T.N.T. 

We have also examined charges 
in which the distribution of crystal 
size has been altered by casting in 
chilled or heated moulds. A chilled 
mould results in a charge having 
an overall decrease in crystal size. 
Such a charge exhibits an increase 
in shock sensitiveness, a 0-25-in. 
primer at the cast end or a 0-5-in. 
primer at the radially crystallized end being sufficient 
to set up annular detonation. In moulds heated to 
moderate temperatures (40°C.) the surface-chilled 
layer of crystals is reduced in thickness and the 
overall crystal size in the cast is larger. Such charges 
show a reduced sensitiveness to shock, annular 
detonation at the cast end requiring @ primer 
0-75 in. long. 

We wish to thank the Chief Scientist, Department 
of Supply, for permission to publish this communica- 
tion. 


Charge length 


D. J. Davis 

D. M. Doveras 
E. D. TREHARNE 

Weapons Research Establishment, 
Department of Supply, 
Box 1424H, G.P.O., 
Adelaide, South Australia. 
Jan. 31. 


1 Hyring, H., Powell, R. E., Duffey, C. H., and Parlin, R. B., Chem. 
Rev.. 45, 69 (1949). 


Determination of Hydrogen in Mine Airs 

using a Gas Chromatographic Technique 

THe determination of hydrogen in mine airs using 
conventional volumetric combustion technique is 
both tedious and time-consuming; in addition, these 
methods are not very sensitive and their specificity 
is affected by the presence of other combustible gases. 
J. Janak has reported' that gas chromatographic 
methods have been applied to the determination of 
methane in mine airs, and he has developed? a rather 
lengthy technique for the determination of hydrogen 
in other gases. 

An apparatus has been developed in these labora- 
tories for the rapid determination of hydrogen in 
mine airs by gas chromatography. This mstrument 
will analyse mine airs for hydrogen content at the 
rate of one sample every three minutes. 

Separation of hydrogen from the other components 
in the sample is affected by means of a column of 
active carbon, 7 ft. long, contained in an annealed 
copper tube of 3/16 in. bore. An identical column 
through which only reference gas is passed serves to 
compensate for slight changes of inlet pressure. A 
twin-cell platinum-wire katharometer and its asso- 
ciated bridge circuit are used as the detecting device, 
each cell receiving gas from one of the columns. 

A platinum-wire katharometer was preferred to 
one of the thermistor type* because of the more 
linear response and lower noise-level. The signal 
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obtained from a platinum-wire katharometer is 
weaker than that from a thermistor device, but can 
be applied to a spot galvanometer or a recording 
potentiometer of 1 mV. span, without pre-amplifica- 
tion. The columns and katharometer are immersed in 
an oil-bath which is maintained at 30 + 0-05°C. It 
has been claimed‘ that if the current flowing through 
the bridge circuit is kept constant, the response ob- 
tained from the katharometer is independent of 
temperature. While this appears to be true for certain 
gases, of which hydrogen is one, in practice it has 
been found to be very difficult to maintain the 
current within the necessary limits, as a small error 
in setting the current produces a magnified error in 
the response. In order to obtain a high degree of 
reproducibility, the alternative procedure of main- 
taining the apparatus at a constant temperature has 
been adopted. 

Oxygen-free nitrogen is normally used as the 
carrier and reference gas. In cases where a particu- 
larly high sensitivity is required, it has been found 
advantageous to use argon for this purpose on account 
of its lower thermal conductivity. The pressure drop 
across the columns is maintained at 14 cm. of mercury, 
this being equivalent to a flow-rate of about 50 ml./ 
min. through each column. A 10-ml. sample is taken 
for each analysis, hydrogen being eluted from the 
separating column after 40 sec. For gases which 
are eluted from the column very rapidly, it is per- 
missible to assume that the peak height is propor- 
tional to the amount of the component present, over 
@ wide range of concentrations ; thus the recorder 
can be calibrated directly in terms of hydrogen. 
Determinations can be carried out with an accuracy 
better than + 0-005 per cent of hydrogen, and 
amounts down to 0-005 per cent can be detected. 

This instrument was primarily designed for the 
determination of hydrogen, but methane can also be 
determined, being eluted from the separating column 
in 2 min. 30 sec. As would be expected from the 
lower thermal conductivity of methane, the sensit- 
ivity of the instrument to this gas is rather lower 
than im the case of hydrogen. For methane, the 
precision and sensitivity are rather less than that 
obtainable with the Haldane apparatus; but the 
extreme rapidity of gas chromatography makes the 
method useful when the saving of time is an important 
consideration. 

P. WHATMOUGH 

Scientific Department, Central Laboratory, 

North Western Division, National Coal Board, 
Shade House, 
Bolton Road, 
Pendlebury, Manchester. 
March 5. 


1 Janak, J., Chem. Listy, 47 (6), 828 (1953). 

* Janak, J., Chem. Listy, 47 (6), 837 (1953). 

* Ambrose, D., and Collerson, R. R., J. Sci. Instr., 32, 323 (1955). 
* Percival, W., Analyt. Chem., 29 (1), 20 (1957). ‘ 


Discovery of Radon 


Tue books on radioactivity and physics agree in 
attributing the discovery of radium emanation to 
E. or F. Dorn, giving as a reference either Abhl. 
Naturf. Ges. Hallie (1900) or (such as “Geiger and 
Scheel” and “‘Wien-Harms”’) the same publication, 22, 
155 (1900). Mellor adds, ‘“‘E. Dorn, Ueber die von 
radioaktiven Substanzen ausgesandte Emanation, 
Stuttgart, 1900’. The volume of the Abhandlungen 
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der Naturforschenden Gesellschaft zu Halle mentioned, 
namely, 22, is dated 1900-1, and p. 155 is 
in the middle of a long article on the flora of 
Scandinavia. 

There are three papers by E. Dorn in the volume, 
none of which contains any mention of radium 
emanation. Dorn’s announcement of the discovery of 
this is contained in the Abhandlungen dated 1901, 
23, and is the first paper, of 15 pages, the communica- 
tions being paginated separately. The Abhandlungen 
were published in Stuttgart and the title of the paper 
is (with “Uber” instead of “Ueber’) the same as 
that given by Mellor for what might be thought to 
be @ separate publication. At the end of the paper 
is: ‘Zum grossten Teil vorgetragen in der Sitzung 
von 23 Juni, 1900’, so that the discovery should be 
dated 1900. 

Dorn used apparatus very like that used by Ruther- 
ford in his earlier discovery of thorium emanation, 
which Dorn mentions and confirmed. Dorn used 
radium bromide and found that the emanation did 
not penetrate aluminium, as Rutherford stated was 
the case with thorium emanation. The E. and F. 
Dorn mentioned by various authors are the same 
person, Friedrich Ernst Dorn, born in 1848, professor 
of physics in Halle. 

J. R. 

211 Mill Road, 

Cambridge. 


Lattice Constants and Magnesium 
Contents of some Naturally Occurring 
Whitlockites 


CaxLctum phosphates occurring in Nature are in 
general of the apatite type, more or less crystalline. 
So far, in only one domain have calcium phosphates 
of the whitlockite type been found to be common— 
in the calcified deposits found on human teeth! and 
in the adjoining salivary ducts and glands*. We have 
recently examimed a large number of samples of 
dental calculus and some other natural and synthetic 
whitlockites*. 

Lattice constants and rhombohedral unit cell 
volumes for various types of whitlockite are set out 
in Table 1. For comparison, the corresponding data 
are given for magnesian and ferroan whitlockites 
(containing respectively 9-5 atom per cent substitu- 
tion of magnesium or ferrous iron for calcium), and 
for 8-tricalcium phosphate. All these were prepared 
by sintering at 1,100°C. The pathological calcifica- 
tions are practically iron-free ; hence their low lattice 
constants and unit cell volumes must be due to 
substitution by magnesium. It does not seem 
feasible to distinguish by X-ray methods between 
magnesian and ferroan whitlockites. 

Examination of a series of synthetic magnesian 
whitlockites has shown that the displacement of the 
lines in the powder diagram is roughly proportional 
to the magnesium content up to 9-5 atom magnesium 
per cent in the cation. The latter figure represents 
the solubility limit of magnesium in the whitlockite 
lattice and corresponds to the substitution of two 
of the calcium atoms in the unit cell [Ca,,(PO,),4] 
by magnesium. The magnesium contents of the 
whitlockite samples given in the final column of 
the table have been calculated from the displacement 
of five (or six) characteristic lines. The magnesium 
contents of the mineral whitlockites have not been 
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Table 1 
| Lattice constants = cell con- 
men Source | volume mt (atom per 
| ark (A.) a (A.) cent of cation) 
Pathological | Dental calculus (59 samples) | Copenhagen area | 18-77 44° 14’ 1,154 8 
calcifications | Salivary calculus (5 samples) | 18-77 44° 19 1,15: 6 
Urinary calculus (1 sample) me e 13-7 44° 15 1,153 8 
Phlebolite* | 13-79 44° 2’ 1,151 8 
Mineral Whitlockite (Frondel, ref. 5) | North Groton, New Hampshire | 13-75 44° 16’ 1,150 =. ss \t 
| 
Rock phosphate Curacao | 13-80 44° 10’ 1,163 | _ 
Syntheti esian whitlockite 13-73 44° 17’ 1,146 | Mg 95 
whitiockite 13°81 44° 10° 1,165 Fel 9°5 
8-Ca,(PO,)s 179 0 


* From the pelvic region of a female skeleton found in the —— graveyard of a medieval monastery. 
+ Calculated from the chemical analyses quoted by Frondel (ref. 5). 


calculated since the line displacement may be due 
in part to iron substitution. 

The preponderance of magnesian whitlockite in 
Nature is in accordance with Trautz’s finding‘ that 
whitlockite is formed from magnesium-containing 
systems at lower temperatures than from magnesium- 
free systems. 


A. TovBorG JENSEN 
Ss. L. Row.Es 


Chemistry Laboratory, 
Royal Veterinary and Agricultural College, 
Copenhagen. 
Jan, 30. 


* Jensen, A. Tovborg, and Dang, M., J. Dent. Res., 88, 741 (1954). 

* Jensen, A. Tovborg, and Dane, M., J. Dent. Res., 31, 620 (1952). 

* Jensen, A. Tovborg, and Rowles, 8. L., Acta Odont. Scand. (in the 
press). 

‘Trautz, O. R., Fessenden, E., and Newton, M., J. Dent. Res., 33, 
687 (1954). 

* Frondel, C., Amer. Mineral., 26, 145 (1941). 


A Direct Recording Instrument for Size 
Analysis of Coarse Granular Material 


I HAVE constructed a modified form of Emery’s 
sedimentation tube', by the help of which a direct 
picture of the size distribution of particles of coarse 
granular material can be obtained without recourse 
to calculations, computations and graphical repre- 
sentations. The new instrument consists mainly 
of a special form of long settling tube and a constant- 
speed revolving drum as shown in Fig. 1. The success- 
ive cumulative heights of the sedimentation column, 
over the entire period of analysis, are recorded on 
a photographic paper wrapped over the cylindrical 
drum. This photographic record at the successive 
stages of analysis presents a direct picture of the 
size-distribution character of the particles of the 
material analysed. 

In the photographic record, the height of any nth 
column represents an amount of material equal to 
w X h/H, where w is the total weight of the original 
material, h is the length of the nth column and H 
is the length of the last column having the maximum 
height in the series; and the material of this nth 
column has a settling velocity equal to lm/T'n, where 
l is the length of the water column through which 
the material settled before being deposited at the 
bottom, m is the total number of columns on the 
photographic record, 7' is the time taken by the 
drum to make one complete revolution and n is the 
numerical value of the nth column in the series as 
counted from the first and the smallest column in 


the record. As the height of each column on the 
chart represents the cumulative heights of all the 
preceding columns, it is more like a histogram where 
one histogram block is set above and to the right 
of its predecessor, so that the base of each block is 
the total height of all preceding blocks that are less 
high than itself. Such a histogram, being directly 
related to a cumulative curve, provides a fairly 
recognizable picture of the continuous size-distribu- 
tion character without modification. 

Results on the size-distribution character of any 
material obtained by such a recording sedimentation 
apparatus are comparable if the length and diameter 
of the large settling tube, the length and diameter 
of the end sedimentation tube, the amount of material 
analysed, the nature, length and temperature of the 
liquid column in the settling tube and the speed of 
the revolving drum are kept constant, besides main- 
taining a uniform compaction, within practical limits, 
of the material accumulating in the end sedimentation 
tube. 


Fig. 1. A, recording drum; B, slit shutter; C, lamp; D, sedi- 
mentation tube; F-F’, sa le — tube ; » Magnetic 
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A paper giving a full description of the instru- 
ment and the technique will be published else- 


where. 
N. SATHAPATHI 


Department of Geology, 
Ravenshaw College, 


Utkal University, 
Cuttack, 
Jan. 15. 


* Emery, K. 0., J. Sed. Petrology, 8, No. 3, 105 (1988). 


Effect of Radioactive Colloidal Gold on 
the Mast Cells of Bone Marrow 


An increase in the number of mast cells has been 
reported in the thymus, spleen and bone marrow of 
mice exposed to long-continued gamma irradiation!. 
Hypoplasia of the bone marrow has been reported 
in animals and man following the administration of 
radioactive colloidal gold (gold-198)*, but no refer- 
ence is made to any change in the mast cells. In 
the course of an investigation of the general histo- 
pathological effects of colloidal gold-198 admin- 
istered to rats, we have found an increase in the 
mast cell population of the bone marrow. 

The colloidal gold was supplied by the Radio- 
chemical Centre, Amersham, and consisted of a 
colloidal suspension of metallic gold stabilized with 
gelatin. The particle-size was stated to be approx- 
imately 20-25my. Twenty-one male rats, of the 
highly inbred ‘August’ strain, weighing 80-90 gm., 
were given 15 uc. per gm. of body-weight of colloidal 
gold-198, seventeen animals being injected intra- 
venously and four intraperitoneally. Three animals 
died within 30 days of injection, fourteen between 
60 and 90 days and four between 90 and 120 days 
after injection. Autopsies were performed on nineteen 
of the animals, and in every case extensive necrosis 
of the liver was found. In twelve animals hemorrhage 
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(1) Normal rat bone-marrow; six mast cells can be seen in this field. Toluidine blue, x 350 
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into the gastro-intestinal tract, lungs and testes was 
observed, and in seven animals a considerable amount 
of fluid was present in the pleural or peritoneal 
cavities. Sections were prepared from liver, spleen, 
lung, kidney, testis and bone marrow (femur). 

The bone marrow of the animals which died within 
thirty days of injection showed the typical recovery 
pattern which is observed after irradiation ; the total 
cell population was below normal, the sinuses were 
dilated and co and there was a high propor- 
tion of fat cells. In addition, the number of mast 
cells was found to be increased and this increase was 
still apparent in the bone marrow of the animals which 
died at all times up to 120 days. In the bone marrow 
sections of each animal studied, the number of mast 
cells in ten high-power (450 x) fields was estimated 
by summing the individual mast cell counts for each 
of ten high-power fields, selected at random, in the 
marrow in the middle of the femur shaft. The average 
number of mast cells in ten high-power fields was 257 
(range 159-329) in the irradiated animals compared 
with 32 (range 18-39) in normal animals. 

In the irradiated animals the mast cells were more 
abundant in the marrow in the middle of the femur 
shaft and were located predominantly along the walls 
of the sinuses. They were consistently larger, and 
vacuolation and dilaceration were more conspicuous 
than in the mast cells of normal animals (Figs. 1-3). 
No evidence of mitosis was found among mast cells 
in any of the many sections examined, and there were 
no significant differences between the animals in- 
jected intraperitoneally and intravenously. The mast 
cell population of the spleen was apparently un- 
changed, although histological signs of irradiation 
damage were present ; the thymus was not examined. 

We can offer no plausible explanation for this 
increase in mast cells. It seems, on morphological 
grounds alone, that the mast cells are produced 
locally, and their increase does not result from an 
invasion of cells from outside. The remarkable 
absence of mitosis suggests that the increase is not 
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(3) Bone marrow from same animal as (2). Mast cells are located along the sinus wall, Toluidine blue, 
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the consequence of a proliferation of existing mast 
cells but more probably results from transformation 
and differentiation of primitive reticular cells; the 
localization of the cells along the sinus walls is highly 
suggestive of this. 

Mast cells are considered to be related to the 
production of heparin*, and the occurrence of a 
circulating ‘heparin-like’ substance, related to an 
increase in blood-clotting time, has been reported in 
acutely irradiated dogs‘. The prolongation of clotting- 
time occurred before the platelet count was appre- 
ciably reduced, and had decreased to a normal value 
before platelet recovery could be demonstrated in 
the peripheral blood. 

It has been suggested® that the increase in mast 
cells in the thymus of X-irradiated hamsters may 
augment the effects of the thrombocytopenia which 
occurs in these animals. It should be emphasized 
that, in twelve of our animals, abnormal bleeding 
into the gastro-intestinal tract was observed at a 
time when the bone marrow was apparently fully 
recovered and the platelet count could be expected 
to have returned to normal. 

It would seem that the role of mast cells in the post- 
irradiation hemorrhage syndrome deserves a careful 
study. 

We wish to thank Prof. D. W. Smithers, in whose 
Department this work was carried out, and to the 
National Research Council of Brazil (C.N. Pq) for 
financial assistance to one of us. 

J. P. GUIMARAES 
Division of Pathology, 
Instituto Oswaldo Cruz, 
D. Federal, Brazil. 
D. M. Taytor* 
Radiotherapy Department, 
Institute of Cancer Research : 
Royal Cancer Hospital, 
London, 8.W.3. 
Jan. 29. 


* Present address : Department of Physics, Downs Branch, Institute 
of Cancer Research, Royal Cancer Hospital, Clifton Avenue, Belmont, 


1 Sparge, B., et al., J. Nat. Cancer Inst., 12, 615 (1951). 

? Fisher. E. R., et al., Amer. J. Med. Sci., 228, 502 (1952). Jackson, 
A. H., and Hahn, P. F., Cancer, 8, 482 (1955). Botsford, T. H.. 
et al., J. Amer. Med. Assoc., 181, 788 (1953). 

* Asboe-Hansen, G., Cancer Res., 18, 587 (1953). 

4 Allen, J. G., and Jacobson, L. O., Science, 105, 383 (1947). Allen, 
J. G., et al., J. Exp. Med., 87, 71 (1948). 

* Kelsal, M. A., and Crabb, E. C., Science, 115, 123 (1952). 


Ecological Rules and Body-heat Regulation 
in Man 


As I was able to demonstrate some years ago, the 
ratio of body-weight to body-surface decreases more 
or less regularly from the northern to the southern 
hemisphere’. These first findings, obviously related 
to Bergmann’s and Allen’s rules, have since been 
confirmed partly by me, partly by other workers’. 

Further studies, concerning about forty African 
samples, show now that the matter is a little more 
complicated. There seem to be at least two inde- 
pendent clinal gradients, the first one for the White 
racial group, extending from Northern Ireland 
(38-3 kgm./m.*) to the Sahara (35-4-33-9 kgm./m.*) 
and Southern Arabia (36-0 kgm./m.*); the second 
for the Black racial group, beginning approximately 
in the Upper Volta basin (where some averages Just 
below 38 kgm./m.* are to be found) and ending in 
South-East Africa (36-1-32-8 kgm./m.*), perhaps in 
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Somalia (35-1-34-4 kgm./m.*?) where it merges with 
the White gradient. The anthropological status of 
Somali tribes is uncertain. There are, to be sure, 
Europoid and Negroid strains, but dark-skinned 
anatomically Europoid groups may belong to an 
undifferentiated stock’. For anthropological reasons, 
I do not include in the Black gradient Congo pygmies 
and Kalahari bushmen, whose averages are also very 
low (31-5 and 30-2 kgm./m.* respectively). 

Nevertheless, the high averages of some West 
African samples may appear anomalous. This 
‘anomaly’ can be explained in different ways. In 
Negroes, perspiration seems to be more intermittent 
and of shorter duration than in White people. In 
spite of this fact, when exposed to heat stress, they 
maintain the same rectal temperature as the latter. 
Therefore, as I have pointed out elsewhere, their 
perspiration is more efficient and physiologically less 
disturbing (see ref. 3d). Perhaps this is due to a 
higher density of sweat glands per surface unit 
mentioned by some anthropologists. I hope to 
elucidate this question histologically. 

But there is a second compensatory factor which 
favours thermolysis: the length of the limbs. 
According to anthropological data, West African 
Negroes have very long upper limbs, a fact which is 
not reflected by the Du Bois formula I used to estim- 
ate body surface. Moreover, as was shown a long 
time ago, limbs are particularly efficient refrigerating 
organs®. If instead of estimated body surface we 
take the whole length of the limbs : 


(acromion-dactilion + symphysion height) x 2 


the ratio of limbs to weight again shows a geo- 
graphical gradient, independent of general body-size, 
so far as the latter is represented by body-height : 


Table 1. RaTio oF Limes TO WEIGHT (OM./KGM.) 


Average o Body-height 
73 French workers 4-88 0-47 168°8 
80 French soldiers (1940) 4-91 0-47 166-2 
800 British soldiers* 5-00 _ 1709 
113 French soldiers (1950) 5-02 0-41 168-5 
504 inians* 5-08 _ 167-3 
100 Indo-chinese (Tonkin) 5-37 0-36 159-9 
82 Otomi (Mexico) 5-51 0-49 157-6 
31 Arabs (Yemen 5-63 0-47 162-2 
18 Asheraf (Somalia) 5-64 0-56 170-9 
119 Nhungues (Mozambique) 5-66 0-52 167-9 
123 Darod (Somalia) 5-74 0-54 172-2 
119 Rahanaween (Somalia) 5-83 0-59 169-4 
51 Gobaween (Somalia) 5-90 0-51 168-4 
47 Dir (Somalia) , 6-01 0-49 172-9 
26 Antumba (Mozambique) 6-06 0-64 164-9 
87 Hawiyah (Somalia) 6-21 0-51 1700 
95 Aka Pygmies (Congo) 6-98 0-67 144-1 
115 Basua Pygmies (Congo) 7-03 0 144-3 


s 
published averages. All other figures calculated 

These figures show biometrically that Allen’s rule 
(relative or absolute increase of protruding organs 
in warmer parts of a homeotherm species range) does 
apply to Homo sapiens. The general trend is obvious. 
I have not tried to correlate ratios with regional 
temperature averages as some authors do with 
weight/surface ratio or other data, because such 
correlations are statistically unsound : meteorological 
averages are calculated for arbitrarily sized areas and 
we can obtain any correlation value, perhaps from 
0 to 1, according to the territorial unit chosen (in 
connexion with ‘modifiable units’, see ref. 6). 

A larger number of samples would probably show 
that for the limbs/weight ratio there are, as for the 
weight/surface ratio, two or more distinct gradients. 
If, as I think, these gradients have an ecological 
meaning, they must be dependent not only on heat 
stress, but also on cold stress, according to local 
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climatic conditions. I must emphasize this point 
because it has sometimes been misinterpreted by 
authors who have not read my papers in French™. 
Experimentally, both ratios are related to body- 
heat regulation. As previously shown, according to 
tests performed in a hot room and on a tread-mill, 
the weight/surface ratio gives moderate but significant 
correlations with body temperature’. The limbs/ 
weight ratio also correlates significantly with the 
latter. 
Table 2. CORRELATIONS BETWEEN Limps/WEIGHT Ratio AND Bopy- 


TEMPERATURE OF YOUNG FRENCH SOLDIERS. ERATURE TAKEN 
AT THE FORTIETH MINUTE IN THE Hot ROOM 


Environmental 


temperature-range No. of individuals r 
35-0-38 9° 44 —0-31 <0-05 
35 -0-37-9° 40 —0°33 <0-04 
35-0-36 -9° 34 —0°38 <0-03 


The correlation attains its highest numerical value 
when the experimental conditions are better standard- 
ized. With a shorter environmental temperature- 
range and a longer duration of the test, the correlation 
would be probably higher. Perhaps even now it is 
high enough to be taken into account for some 
practical purposes. But there is no reason for 
supposing that it must be very high. Anatomical 
factors do not explain the whole mechanism of body- 
heat regulation. We must keep this in mind when 
we find ‘anomalous’ data which seem to contradict 
ecological rules. 

A more detailed account of the ecological and 
experimental data, as well as a discussion of nutri- 
tional interferences*, will be published later. I wish 
to thank Dr. L. Pales, deputy director of the Musée 
de ’Homme, who kindly put at my disposal his 
unpublished individual data concerning thirty West 
African samples (2,000 adult men). 

EvuGENE SCHREIDER 
Laboratoire d’Anthropologie Physique, 
1 rue René-Panhard, 
Paris 13. 
Nov. 10. 


1 Schreider, E., 2’ Anthropologie, 54, 228 (1950). 


(a) Newm: R. d Munro, E. H Phys. Anthrop., 
13, 1 (1958). ors Schreider, E., Rev. Sci. 911 110 3. (c) Nature, 
167, 823 (1951); Hép , 28, (1952) ; te 
Actes IV Cong. Int. i. Anthrop. Ethnol., 1952, 1, 92 (Vienna 


1953). 

* Boule, M., and Vallois, H. V., ““L’homme fossile d’Asselar (Sahara)’’, 
86 (Paris, 1982). 

5 Bernard, Cl., ““Lecons sur les propriétés physiologiques et les altéra- 
pathologiques des liquides de rganisme”’, 1, 58 (Paris, 

* Yule, C , and Kendall, M. G., “‘An Introduction to the Theory of 
Statistics 310 et seq., 14th edit. (London, 1950). 

’ Schreider, E., Bull. Soc. Anthrop. Paris (10th series), 4, 138 (1953). 

* Schreider, E, L’ Anthropologie, 59, 253 (1955). 


Elaboration of Protective Antigen of Bacillus 
anthracis under Anaerobic Conditions 


ELABORATION in vitro of the protective antigen of 
Bacillus anthracis in serum and plasma was first 
demonstrated by Gladstone’. Elaboration of the 
antigen in chemically defined, non-proteim media was 
reported by Wright et al.2*. The non-protem media 
facilitated practical production of the antigen, and 
permitted a basic study of its accumulation and 
properties. Antigen in the culture filtrate was 
precipitable with alum; the precipitated product 
was effective in immunization of animals and was 
well tolerated in man‘**. Elaboration of protective 
antigen in chemically defined media was confirmed 


Table 1. IMMUNIZING ACTIVITIES FOR GUINEA PIGS OF FILTRATx3 
OF CULTURES GROWN UNDER AEROBIC AND ANAEROBIC CONDITION s 


Survival ratios* obtaine:. 
Incubation | with immunizing doses 
Strain of Cultural time as follows | 
B. anthracis | conditions| (hr.) x 
7:5 ml. per | 1-5 ml. 
ani anima | 
R1-NP aerobic 26 5/8 (4, 4, 0/8 (4, 4, 4. 
4, 4, 4, 6, 6) 
| anaerobic 50 6/8 (4, 7) ha (4, 4, 4. 
4, 4, 4,5, 5) | 
V770—-NP1-R | aerobic 29 and 48t | 6/8 (5, 5) 3/8 5 
8) H 
anaerobic 50 7/8 (9) a o/s (5, 5) 
107-NP2-R1 | aerobic | 26 and 48¢| 7/8(9) 5/8 (4, 6. 6) | 
| anaerobic 50 8/8 4/3 (4, 6,7, | 
| 
Unimmunized controls 0/8 (3, 3, 3, 4, 4, 4, 4, 4) | 


* Survival ratios are recorded as the number of animals surviving 
divided by the number of animals challenged. Numbers in parenthesis 
refer to the days after challenge on which deaths occurred. The 
results of two complete an ey have been combined in the table. 

+ One culture was incubated for each period. Antigen activities 
were not significantly different. 


by Belton and Strange’, who also devised a casein 
hydrolysate medium suitable for production of 
antigen. 

These studies indicated that protective antigen 
accumulated only under particular cultural conditions. 
Relatively aerobic conditions of growth have usually 
been employed; the limiting factor in aeration of 
the medium appeared to be avoidance of excessive 
loss of carbon dioxide from the bicarbonate-containing 
medium. Our previous observations suggested that 
@ relatively thin layer of medium was desirable for 
optimum accumulation of antigen in static cultures*. 

Observations on the metabolism of B. anthracis 
indicated that in appropriate media this organism 
is capable of satisfactory growth under strictly 
anaerobic conditions*. The possibility that antigen 
was elaborated under these conditions was therefore 
investigated. 

Cultures were grown in 968 medium at 37° C. for 
the times indicated in Table 1. This medium con- 
tained amino-acids, glucose, guanine, thiamine and 
inorganic salts, and was a modification of the 599 
medium of Puziss and Wright*®. The modifications, 
to be described elsewhere, consisted of addition of 
small amounts of adenosine, glycine and l-alanine, 
reduction in the concentration of ferrous sulphate 
and omission of cysteine. Glucose was autoclaved in 
the medium. 

Aerobic cultures were grown statically in 500-ml. 
volumes of the medium in 4-litre Fernbach flasks. 
These conditions had proved most satisfactory in 
previous work**. Anaerobic cultures were grown in 
400-ml. volumes of medium in 600-ml. bottles. The 
latter medium was cooled rapidly after autoclaving, 
the sodium bicarbonate, ferrous sulphate and inocula 
were added, and the bottles were incubated in 
desiccator jars under nitrogen. Ferrous sulphate 
concentrations were 0-00005 M for aerobic cultures 
and 0-00001 M for anaerobic cultures. The strains 
used were non-proteolytic, non-encapsulated mutants 
of the virulent ‘Vollum’, V770 and 107 strains*. The 
inoculum consisted of 500 spores per ml. of medium. 

After growth, the cultures were adjusted to pH 8 
with normal sodium hydroxide and filtered through 
ultra-fine sintered glass filters. The sterile filtrate 
containing the antigen was lyophilized. The product 
was reconstituted in water at three times the original 
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concentration of the filtrate and in- 
jected into groups of four guinea pigs 

in doses of 0-5 or 0-1 ml. Five in- 4 
jections were given on alternate days, | 
so that the total amount of original 
filtrate per animal was 7-5 and 1-5 ml. 
respectively. The animals were chal- 
lenged seven days after immunization 
by intracutaneous injection of 1,000 } 
spores of the ‘Vollum’ strain. The 
challenge dose represented approx- 
imately 200 LD50. Animals were 
observed daily for fourteen days after 
challenge. 


29. 5 


Delay due to irradiation (hr.) 


+ 


Representative experiments com- 
paring antigen production under aero- 
bic and anaerobic conditions are sum- 


25 


marized in Table 1. 
that elaboration of protective anti- 

gen under anaerobic conditions was 

at least equivalent to that obtained aerobically. 
Growth was somewhat slower anaerobically, but at 
the time of filtration the final turbidity was ap- 
proximately the same as in the aerobically grown 
cultures. 

Preliminary results suggest that the anaerobic 
culture method will simplify large-scale production 
of the antigen. Eight-litre volumes of medium in 
10-litre bottles have yielded satisfactory results, and 
considerably larger volumes appear feasible. Thus 
far no major differences have been noted in the 
cultural conditions that are necessary for elaboration 
of antigen during anaerobic and aerobic growth. 

Additional details and discussion will be presented 
in @ subsequent paper. 

GroRGE G. WRIGHT 
Mitton Puziss 
Chemical Corps, 
Fort Detrick, 
Frederick, Maryland. 
Jan. 31. 
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Mitotic Delay induced by Gamma 
Radiation in Broad Bean Root Meristems 
In attempting to interpret quantitative data on 

the yield of structural changes induced in chro- 
mosomes by radiation, the difficulty arises with 
material containing cells in random stages of develop- 
ment, as in root tips, that a given dose of radiation 
delays the arrival of cells at metaphase to an un- 
known extent. There is thus an uncertainty as to 
the developmental stage at the time of irradiation 
of those cells observed in metaphase at a particular 
fixation time. If sensitivity to induction of structural 
changes varies with the stage of cell development', 
then this uncertainty may make a precise interpreta- 
tion of the dose-yield relationship impossible, for the 
amount of mitotic delay is itself dependent upon 
dose*. In such asynchronous cell populations, an 
approximate picture of mitotic delay has usually 


20 15 10 5 0 


Normal development time to metaphase (hr.) 


It is evident Fig. 1. Delay in reaching metaphase of cells irradiated A oe stages of interphase. 


Normal mitotic cycle time, 25 hr. 


been obtained by comparing mitotic index values of 
control and irradiated tissues. This method, however, 
falls short of giving an accurate determination of 
the delay, as of necessity mitotic index depends 
partly upon the length of time taken by a cell to 
pass through mitosis and this has also been shown 
to be affected by irradiation?. 

In view of the many advantages of Vicia faba root 
tips for studies of chromosome structural changes, 
a method has been devised for determining the actual 
mitotic delay. The principle of our method is to 
accumulate cells at metaphase by means of a spindle 
inhibitor such that all cells, or a constant proportion 
of the cells, are blocked at metaphase and the rate 
of entry of cells into mitosis is unaffected. The cells 
accumulated in @ given time are then representative 
of a portion of the initial population of cells at the 
commencement of treatment. If cells were originally 
uniformly distributed with respect to developmental 
time (measured back from the observed metaphase), 
the number accumulated will be proportional to the 
developmental time of the last cell to arrive. In fact, 
cells may not be uniformly distributed with respect 
to developmental time, for example, in a multiplying 
tissue* ; but provided the form of the distribution is 
known, the number accumulated will still be an 
implicit measure of the developmental time. 

We have shown that colchicine possesses the 
properties postulated above for the spindle inhibitor 
when aqueous solutions of strengths 0-025-0-1 per 
cent are used for periods of not more than 6 hr. *. 
In practice, we apply colchicine for only 2 hr. and 
compare the rate of accumulation of cells at meta- 
phase in normal ‘control’ material with the accumula- 
tion-rates in the irradiated material at various times 
after irradiation. The total theoretical accumulation 
for any period is then obtained by integration of the 
rate curves. 

It is assumed that the idea of developmental time 
is meaningful, that is, we are using a clock model for 
cellular development and not a stochastic model. 
Further, it is assumed that the delay is such that 
no cells arrive at metaphase out of turn, that is, 
before cells which were originally in a more advanced 
stage of development. If such ‘leap-frogging’ of 
development occurred‘, sudden discontinuities in the 
accumulation curve would be expected. There is no 
obvious evidence of this process in our data, but 
very great precision would be required to reveal it. 
The amount of delay in reaching mitosis (metaphase) 
as a function of normal developmental time is shown 
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heat-inactivated antigen of Salmone!la 
paratyphi B. Further groups of 
animals were given excessive amouwts 
of the same antigen, the larg: st 
possible dose being 4-6 x 10® organ- 
isms for five-day old rabbits and 
2 x 10° organisms for new-born ri:}- 
bits. It is evident from Table | 
that the medium-sized dose of |()8 
organisms caused an antibody re. 
sponse to appear, on the averave, 
at the thirtieth day post-natally. in 
both groups given excessive dvu-es 


o 


0 5 10 15 
Fixation time after irradiation (hr.) 


Fig. 2. Relative rate of passage of cells through metaphase after irradiation 


in Fig. 1 for doses of 54 r. and 99 r. of cobalt-60 
gamma-rays given in 5 min. at 19°C. and under 
conditions of aeration. 

With the colchicine method, it is also possible to 
deduce the time spent by the irradiated cells in 
passing through the metaphase followimg irradiation. 
The reciprocal of this quantity, that is, the rate of 

through metaphase, is shown as a fraction 
of normal in Fig. 2. 

It is hoped that the method briefly outlined here 
will be of use not only for determining mitotic delay 
in plant cells, but also in animal tissues. A more 
detailed account of these experiments will be pub- 
lished elsewhere. 


S. M. TonkKrInson 


Medical Research Council 
Radiobiological Research Unit, 
Atomic Energy Research Establishment, 
Harwell, Berks. 

March 5. 
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E*ect of Very Large Doses of Bacterial 
Antigen on Antibody Production in New- 
born Rabbits 


THE injection of large doses of antigen into very 
young animals results in a weakening of the anti- 
body response when a further dose of antigen is ad- 
ministered to the adult animal. This phenomenon has 
been described as acquired tolerance’, immunological 
approximation* or immunological nsiveness*. 
It is not yet clear whether the administration of large 
doses of bacterial antigen during embryogenesis or 
the first days of postnatal life can also inhibit 
immunity responses in adult animals. Buxton found 
a suppression of antibody formation to Salmonella‘, 
and Kerr and Robertson’ to Trichomonas foetus. 
Cohn* and Smith and Bridges’, on the other hand, 
found no inhibition of antibody production after the 
injection of bacterial antigens. 

In the present work, five-day old rabbits were 
injected by the intravascular or intraperitoneal routes 
with a medium-sized dose (10* micro-organisms) of 


of antigen, antibody formation was 


= - speeded up significantly. 


Four months later, all surviving 
animals were re-vaccinated with |\)’ 
organisms S. paratyphi B (Table 2). 
Only where excessive doses of antigen had been 
given to five-day old animals was there a’ siy- 
nificant inhibition of antibody formation. New- 
born rabbits injected with 2 x 10° organisms imme. 
diately after birth showed no such inhibition on 
re-vaccination. 

These results show that inhibition can be achieved 
with bacterial antigens, but only when administere:{ 
in amounts which are very near the lethal dose. The 
negative results of Cohn* and Smith’ may have been 
due to the injection of insufficient amounts of bacterial 
antigen. 

Complete inhibition of antibody formation has 
been achieved with serum albumin, and after the 
first injections no antibodies were found in the serum 
of infant animals***. The present experiments show 
that not even the injection of excessive doses of 
corpuscular antigens can inhibit an active immunity 
response in young animals ; on the contrary, antibody 
formation was faster than in the animals given 
smaller doses. There thus appears to be a difference 
between the development of antibody reactions to 
antigens that do little damage (for example, serum 
proteins) and that of antigens (of endotoxic nature) 
that do a lot of damage. 


Table 1. PosTNaATAL DAY ON WHICH ANTIBODIES WERE FOUND FOR 
THE First TIME IN INFAXT RABBITS AFTER INJECTION OF DIFFERENT 
AMOUNTS OF ANTIGEN (S. paratyphi B) 


To 5-day-| To 5-day- To 0-1- | To 5-day-| To 5-day- | 
old, 10* old, 10 day-old, old, old, 4-6 x 
micro- intra- 2x 10° | 10° intra- 
organisms; vascular intra- intra- | peritoneal 
(intraper- peri- vascular 
itoneal) toneal 
No. of 
animals 12 14 29 9 21 
Median 29 29<M<36 24 19 15 
Min. 29 21 14 14 9 
4 38 50 59 29 26 


Statistical analysis using Wilcox’s Test and White’s Tables (ref. 8) 
at a 5 per cent level of significance. 


Table 2. HIGHEST TITRES REACHED DURING 21 DAYS AFTER RE- 

VACCINATION (WITH S. paratyphi B) OF 4-MONTH-OLD RABBITS IN- 

JECTED DURING THE FIRST DAYS OF LIFE WITH DIFFERENT AMOUNTS 
OF THE SAME ANTIGEN 


To 1-5-day-old, 0-1-day-old, 
4-6 x 10° 2x 10 Controls 
intraperitoneal | intraperitoneal 
No. of animals 13 15 17 
Median 16 64 128 
Min. 8 32 82 
32 612 512 
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Similar results were obtained in puppies. Full 
details of the present work will be given elsewhere". 


J. 
Z. TRNKA 
Division of Immunology, . 
Institute of Biology, 
Czechoslovak Academy of Science, 
Praha 6. 
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Polysaccharide containing Amino-Sugar 
from Bacillus subtilis 


SEVERAL polysaccharides containing amino-sugars 
have been isolated from strains of Bacillus anthracis 
which contain polyglutamic acid in their capsular 
material’. However, no polysaccharides of a similar 
type have as yet been reported from the related 
B. subtilis strains which produce polyglutamic acid 
extracellularly. 

The present communication deals with the isolation 
and some properties of an amino- containing 
polysaccharide obtained from such a strain of B. 
subtilis, 

Cells of B. subtilis ATCC 9945 grown for three to 
four days at 36° C. in Sauton’s medium were extracted 
in the cold with 10 per cent trichloracetic acid 
solution. The trichloracetic acid was removed with 
ether and the polysaccharide precipitated with 3 
volumes of alcohol, deproteinized by the Sevag pro- 
cedure and further purified by treatment with a 
mixture of Lloyd’s reagent and kaolin in acetic acid. 
The polysaccharide solution was dialysed, repre- 
cipitated with alcohol in the of acetic acid 
and sodium acetate, washed with alcohol and ether 
and finally dried in vacuum. The yield was about 
4 per cent of the dry weight of the cells. 

The material dissolved in water after swelling, 
giving a highly viscous solution, of a pH close to 7. 
An ultracentrifuge analysis indicated the presence of 
a@ single component, with a molecular weight of 
100,000—200,000. It gave a negative biuret reaction, 
and no significant absorption in the ultra-violet 
range. The indole and tryptophan reactions for 
polysaccharides* were positive, and the carbazole 
reaction for hexuronic acids as well as the Dische 
primary cysteine reaction for methyl pentoses* proved 
to be negative. No colour reaction was observed with 
iodine. An elementary analysis revealed the presence 
of 0-9-1-1 per cent phosphorus, 3-8 per cent nitrogen 
and no sulphur. About 20 per cent of the nitrogen 
was in the form of bound amino-acids, as shown by 
paper chromatography of acid hydrolysates, as well 
as by the fact that part of the NH, (Van Slyke) groups 
released upon hydrolysis were «-amino groups (nin- 
hydrin-carbon dioxide). The material, after hydro- 
lysis in 1 N sulphuric acid at 100° C. for 4 hr., gave 
values of 60 per cent reducing sugar (Somogy’*), 
calculated as glucose. The acetyl content, calculated 
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from the volatile acid found in p-toluensulphonic 
acid hydrolysates, was 19-5 per cent. 

For a study of the carbohydrate components, the 
sulphuric acid hydrolysates were neutralized with 
barium carbonate and chromatographed on paper in 
n-butanol/acetic acid/water (25: 6:25). Spraying 
with alkaline silver nitrate‘ revealed the presence of 
two spots of equal intensity, one of which moved 
the same distance as galactose, gave a positive 
reaction with aniline phthalate, and was identified 
as galactose by chromatography in ethyl acetate/ pyri- 
dine/water (2 : 1 : 2), phenol/water (3 : 1) and butanol/ 
pyridine/water (45:25:40). The other spot, which 
gave no reaction with aniline phthalate but positive 
ninhydrin and Elson-Morgan’ reactions, when re- 
chromatographed according to the method of Stoffyn 
and Jeanloz* behaved as an equimolar mixture of 
galactosamine and glucosamine. Chromatograms of 
the hydrolysates gave a negative reaction with the 
naphthoresorcinol spray for ketoses'. 

Thus, the polysaccharide appears to be composed 
mainly of galactose, N-acetyl glucosamine and N-acetyl 
galactosamine, apparently in a molar ratio of 2:1: 1. 


NatHan SHARON 
Department of Biophysics, 
Weizmann Institute of Science, 
Rehovoth, Israel. 
Jan. 265. 
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Squalene Content of Various Shark 
Livers 


Since the demonstration that squalene might be 
an important precursor to cholesterol in endogenous 
synthesis'-*, it was felt that it would be useful to 
have available an adequate supply of carbon-14- 
labelled squalene. It has been shown that synthetic 
squalene does not act as a precursor for cholesterol, 
whereas the biological squalene does*, The difference 
is apparently due to the high degree of stereo- 
specificity. It was decided, therefore, to attempt to 
obtain carbon-14-labelled squalene by biological 
synthesis. The only known adequate biological pro- 
ducer of squalene in the northern hemisphere is the 
basking shark, and since the adults are large, some 
being well over 30 ft. long, the difficulty of injecting 
carbon-14-labelled acetate in such an animal and 
maintaining the animal alive for three days for 
adequate synthesis of squalene is obvious. 

Tt was decided, therefore, to search for other sharks 
of @ more suitable size which might also have a 
significantly high content of squalene in the liver. 
The search was conducted primarily on the west and 
east coasts of Florida, the Caribbean and the Gulf 
of Mexico. As soon as a shark was caught, it was 
killed and 15 gm. of the liver was ground in @ mortar 
with 30 gm. of sodium sulphate. The mixture was 
then extracted with chloroform and subjected to 
infra-red analysis for its squalene content. In many 
cases, both males and females of different ages were 
tested. In addition, different lobes of the liver and 
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Table 1 

Elasmobranchs Squalene content 

of liver oil 

(per cent) 
Eulamia milberti 
Eulamia floridanus 
Eulamia falciformis 
Pterolamiops longimanus 
leucas 


Tsurus oxyrinchus 
Ginglymostoma cirratuin 
Narcine brasiliensis 
Scyliorhinus retifer 


Squalus 
Dalatias licha 
Centrop: 


AAAAAAAAAAAAAAA 


different portions of different lobes were assayed. 
‘Lhere was no significant difference in squalene content 
as a function of sex, size or area of the liver sampled. 
Table 1 shows the squalene content of the livers 
of the elasmobranchs caught. It will be noted that 
squalene is a relatively uncommon constituent ; but 
when it occurs, it is present in huge amounts. It 
should be noted that in one of the squalene-rich 
sharks, Dalatias licha, considerable oil was found in 
the stomach with no other undigested material. This 
oil had a squalene content of 45 per cent. Occasionally, 
it had been observed by one of us (S.S.) that other 
sharks of other species had their stomachs full of oil 
without any other undigested material. The source 
of this oil is unknown. Indeed, the function and 
purpose of such a large amount of squalene in the 
livers of Dalatias licha and Centrophorus uyato is also 
unknown. 
J. H. HELLER 
M. S. HELLER 
5. SPRINGER 
E. CLarkK 
Division of Physiology, 
New England Institute for Medical Research, 
Ridgefield, Connecticut ; 
Fish and Wildlife Service. 
U.S. Department of the Interior ; 
and the Cape Haze Marine Laboratory, 
Placida, Florida. 
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Monosaccharide Composition of the 
Antigenic Polysaccharide of Pasteurella 
pseudotuberculosis rodentium 


Ir has been reported by Uetake and Nakano! that 
five strains of Pasteurella pseudotuberculosis rodentium, 
all of which were isolated in Japan from man or 
monkeys, possess the O antigenic factor 9 which is 
characteristic and common to group D Salmonellae. 
This suggested to me the comparative study of the 
monosaccharide compositions of the O antigenic 
polysaccharide of group D Salmonella and that of 
Past. dotube is rodentium, since such a study 
might be expected to throw light on the chemical 
composition of the O antigen 9. Very little work has 
been reported on the sugar components of the anti- 
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genic polysaccharide of Pasteurellae, though severs| 
reports? have been published on chemical studies of 
the O antigen of Pasteurella. 

Extraction, purification and analysis of mono- 
saccharide components of the O antigenic poly- 
saccharide preparation were carried out according to 
the procedures which I employed in the studies of 
the O antigenic polysaccharides of Salmonellae® ancl 
Shigellae*. O antigenic polysaccharide was successful!y 
prepared by trichloroacetic acid extraction, though 
Davies* has recently reported that he failed tw 
prepare somatic polysaccharide of Past. pestis by this 
method. Acetone-dried cells of Ikegaki strain of 
Past. pseudotuberculosis rodentium, prepared from the 
culture grown on nutrient agar at 27°C, for three 
days, were extracted with 0-5 N cold trichloroacetic 
acid and the supernatant after centrifugation was 
dialysed against distilled water, mixed with three 
volumes of acetone and kept in the refrigerator for 
about five days. ‘The resulting flocculant precipitate 
was collected by centrifugation. 

This O antigenic preparation was found to be a 
complex of polysaccharide—protein-lipid, of which 
polysaccharide is a major and serologically specitic 
component, by various tests for sugar and protein 
and by ethyl ether extraction. The antigen reacted 
with anti-O serum against Ikegaki strain at a dilution 
of 1: 30,000 by precipitin reaction. 

The constituent monosaccharides of this antigen 
were analysed by paper chromatography, using 
Téy6 No. 52 filter-paper. The monosaccharide com- 
ponents in acid hydrolysate of the antigen were 
separated on one- or two-dimensional paper chromato- 
grams, using the following three solvent tems : 
(1) phenol/water (4:1, v/v), (2) n-butanol/acetic 
acid/water (9: 1:7, v/v) and (3) ethylacetate/acetic 
acid/water (3: 1:3, v/v). Aniline phthalate reagent 
was sprayed on the paper to develop the spots. As 
shown in Fig. 1, glucose, galactose, xylose, arabinose 
and rhamnose were found in the hydrolysate. Glucos- 
amine and ribose, both of which were found in 
traces, are not considered to be essential components. 
The specific colour reactions, such as the Elson and 
Morgan and/or ninhydrin tests for hexosamines, the 
naphthoresoreinol test for hexuronie acids and the 
oreinol test for ketoses were also employed, and con- 
firmed the above findings. 

For further purification the antigenic preparation 
was treated with dilute acetic acid on a boiling 
water-bath for 8 hr. under reflux, and thereafter was 
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Fig. 1. Two-dimensional paper ames of the hydrolysate 
of the O oo polysaccharide prepared from Past 
tuberculosis ium. First it was run vertieally in putanol/ 
, Glucosamine ; 2, 4, xylose ; 5, arabin- 
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extracted with ethyl ether for about two days in a 
Soxhlet apparatus to free it from lipid components. 
After spinning down acid-insoluble substances, the 
supernatant was dialysed against distilled water, and 
the polysaccharide component was precipitated with 
acetone or alcohol. The process of dialysis and 
precipitation with acetone or alcohol was repeated 
several times. 

The resultant polysaccharide fraction. a white 
amorphous powder, was different from the complex 
antigen referred to above in that it lacked lipid as 
well as almost all protein components, and that it 
could be precipitated with the antiserum only at low 
dilutions. The aqueous solution of this preparation 
showed no absorption either at 2600 A. (nucleic acid) 
or at 2800 A. (protein). 

The paper chromatograms of the acid hydrolysate 
of the purified polysaccharide showed the same kinds 
of monosaccharide components as those of the com- 
plex antigen preparation, with the exception of 
glucosamine and ribose, which were detected on the 
paper chromatograms of the complex antigen. 

These findings seem to indicate that the O antigenic 
polysaccharide of Past. pseudotuberculosis rodentium 
is composed of the following five monosaccharide 
components: glucose, galactose, xylose, arabinose 
and rhamnose. 

In 1951, Seal* reported that a polysaccharide which 
yields an osazone resembling that of arabinose was 
isolated from both virulent and avirulent plague 
strains, whereas he failed to isolate the same poly- 
saccharide from the two strains of Past. pseudo- 
tuberculosis. Afterwards, Ormsbee, Bell and Larson‘ 
demonstrated that a purified lipid-free antigen pre- 
paration of B. tularense formed an osazone resembling 
closely that of cellobiose from acid hydrolysate, and 
that containing a sugar component which may be 
the N-acetyl derivative of D-glucose (-D-gluco- 
pyranoside). More recently, chemical studies of the 
O antigenic polysaccharide of Past. pestis were 
described by Davies*, who has shown that the 
lipopolysaccharide contains glucose, glucosamine and 
unidentified aldoheptose which is a major component 
of the polysaccharide moiety. 

On the other hand, in group D Salmonellae, the 
analysis of constituent monosaccharides of O antigens 
has been reported in S. typhi7*, S. gallinarum’, 
S. dar-es-salaam® and S. enteritidis*®. In these reports 
it has been shown that sugar components common to 
all these strains are hexosamine, glucose, galactose, 
mannose, rhamnose and tyvelose. Among them glucose, 
galactose and rhamnose are also common to the 
O antigens of Past. pseudotuberculosis rodentium as 
described above. Hence some of, or all, the common 
monosaccharides are components of the O antigen 9. 

A quantitative analysis is now being carried out, 
and the details will be reported elsewhere. 
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Differentiation of White- and Brown-Rot 
Fungi by an Oxidase Reaction 


ALTHOUGH most wood-destroying fungi of the 
white- and brown-rot type may be differentiated by 
the Bavendamm test, which depends on the oxidative 
browning of tannic and gallic acid agar by fungi of 
the white-rot type, certain inconsistencies in this 
reaction have been noted by Davidson, Campbell and 
Blaisdell’. Recent investigations by me* have shown 
that fungi of the brown-rot type, and certain species 
incapable of causing decay under laboratory con- 
ditions, also can produce a positive oxidase reaction 
on these substrates. These inconsistencies were not 
encountered when wood-meal first treated with ether 
and acetone to remove the phenolic substances was 
used as a substrate. 

¥inely divided wood-meal (< 60 mesh) obtained 
from air-dry samples of white spruce (Picea glauca 
(Moench) Voss) was extracted with cold water, ether, 
and finally with acetone in a glass percolator at 
room temperature until the acetone which drained 
off was colourless. Tests were made with l-gm. 
samples of wood-meal in 100-ml. flasks containing 
5 ml. of the following nutrient solution: \ casein 
hydrolysate, 120 mgm. ; KH,PO,, 1-5 gm.; MgSO,, 
7H,0, 0-5 gm.; thiamin hydrochloride, 1 mgm. ; 
glucose, 20 gm.; yeast extract, 100 mgm.; water to 
1 litre. The flasks were sterilized at 20 Ib./sq. in. for 
20 min. and inoculated by placing agar plugs from 
actively growing plate cultures of the fungi in the 
centre of the thin layer of wood-meal on the bottom 
of the flask. The cultures were incubated at room 
temperature and the reaction (the appearance of a 
brown diffusion zone in the wood-meal) was recorded 
at the end of 10 days by measuring the diameter of 
the zone from the underside of each flask. 

Thirty-four isolates representing ten species of 
fungi that occur in the heartwood of trees were 
screened for their ability to produce the browning 
reaction under these conditions. Positive reactions 
were obtained with each isolate of the species of white- 
rots, whereas three isolates of Coniophora puteana 
(a brown-rot species), a single isolate of Stereum 
sulcatum, and ten isolates of Coryne sarcoides did not 
cause browning. Each of the isolates grew on the 
extracted wood-meal and produced changes in the 
pH of the media. 

The ability to produce an oxidase reaction on the 
Bavendamm substrates (tannic and gallic acid) and 
on extracted wood-meal was also compared. The 
Bavendamm reaction was tested by growing the 
fungus on 1-5 per cent malt extract agar containing 
0-5 per cent tannic or gallic acid. The wood-meal 
reaction was better for differentiating white-rot fungi 
from the brown-rot fungus C. puteana, and was 
also found to be a better indicator of the decaying 
power of the fungi. For example, cultures of C. 
sarcoides and S. sulcatum did not cause decay in 
laboratory tests? and gave a negative reaction in the 
wood-meal tests, but they gave a positive reaction 
on one or both of the Bavendamm substrates. 
Generally, however, cultures which reacted strongly 
on tannic and gallic acid media also produced a 
strong reaction on the wood-meal. 

In view of the possible role of lignin in the oxidative 
browning of the wood-meal, preliminary oxidase 
tests were carried out with a sample of ‘native’ 
lignin prepared by Brauns’s* method, which gave a 
strong positive reaction when tested for lignin with 
phoroglucinol and hydrochloric acid. The tests were 
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made with filter-papers (Whatman No. 40, 5 cm.) 
soaked in @ concentrated solution of the unpurified 
lignin in dioxane, dried at room-temperature, placed 
on glass beads in 100-ml. flasks containing 5 ml. of 
the casein hydrolysate medium described earlier, and 
autoclaved at 15 Ib./sq. in. for 15 min. An agar 
plug from a culture of a white-rot fungus was placed 
on the centre of each lignin-impregnated filter paper. 
At the end of two weeks a faint, but distinct, brown 
reaction zone had formed around the inoculum on 
the filter-paper containing the lignin, but not on 
untreated paper. 

The pertinent results are : (a) the browning reaction 
on wood-meal can be used as a simple and rapid test 
for the differentiation of white- and brown-rot fungi ; 
(6) the reaction on wood-meal may indicate a specific 
test for lignin oxidation ; and (c) phenolase(s) pro- 
duced by isolates of C. puteana, C. sarcoides and 
S. sulcatum can oxidize either tannic or gallic acid 
but are not able to oxidize extracted wood-meal 
(lignin ?). While it is possible that the lignin-oxidizing 
enzyme is also a phenolase, it appears that further 
information on its specificity can only be gained by 
testing the activity of a purified preparation of the 


enzyme. 
The results of co tests and investigations 
dealing with the ability of the fungi to cause decay 
will be published elsewhere. 
Davin E. ErHEeripce* 
Imperial College of Science and Technology, 
London, S.W.7. 


* Present address: Forest Bi Laboratory, 102 Eleventh 
Avenue East, Calgary, Alberta, 


? Davidson, R. W., Campbell, W. A., and B D. J., J. A 
Res., 57, 683 (1938). — 
* Etheridge, D. E., Ph.D. thesis, University of London (1956). 

* Brauns, F. E., J. Amer. Chem. Soc., 61, 2120 (1939). 


Mechanism of Inhibition by Acetic Acid of 
the Germination of Spores of Aspergillus 
niger 


It was shown in a previous paper! that lower fatty 
acids in molasses inhibit in their undissociated form 
the germination of Aspergillus niger spores. It is 
therefore not possible in the production of citric acid 
by fermentation of sugars from beet molasses to start 
with an acid substrate, as is usual in synthetic media ; 
the acids present, already at pH nearing 4-8, inhibit 
spore germination. Acetic acid shows the greatest 
differences in effect when changing from a neutral 
to an acid medium. 

The mechanism of action of acetic acid has been 
studied on spores at different pH. It was found that 
@ pH less than 6-0 stops germination if the molar 
concentration of acetic acid in the undissociated form 
is about 2-5 x 10-*. This effect is independent of 
the concentration of acetate ions. During the first 
three hours, respiration of spores and glucose assim- 
ilation are not inhibited and the respiratory quotient 
remains unchanged. At higher concentrations of 
acetic acid respiration is decreased, and at pH 4-0 a 
2 per cent solution of acetic acid was fungicidal. 
Inhibition of respiration is reversible and disappears 
immediately on neutralization. t+ may therefore 
be concluded that acetic acid acts on the cell surface, 
since removal of the inhibition by a change in pH of 
the medium from 4-2 to 5-5 cannot be accompanied 
by such a change in hydrogen ion concentration 
within the cell as would cause immediate dis- 
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Table 1. EFFECT OF UNDISSOOCIATED ACETIC ACID ON THE ASSIMIL.- 
TION OF PHOSPHATE, SULPHATE AND POTASSIUM IN SPORES OF 4. 
niger IN A CBAPEK-DOX MEDIUM AT pH 4-0 


Experiment Element added | No. of impulses/min. | 
Spores in medium ep 1,143 
without acetic acid 8 441 
“aK 
Spores in medium with “pp 62 
ic acid 38 26 
“K 947 


Final concentration of acetic acid: 3 x 10-* mol. 


sociation of acetic acid and thus cancel its effect. 
For the same reason, it cannot be acceptéd that 
undissociated acetic acid enters the spores more 
rapidly and acts within them as the acetate, as is 
assumed by Samson et al.* in yeast. Removal of 
accumulated acetate would require a certain amount 
of time and this would be reflected in a delay in the 
restitution of respiration. 

Inhibition of spore respiration with higher con- 
centrations of acetic acid is partly removed by 
phosphate. Growth factors, excess of potassium, 
sodium and ammonium ions are without effect. 

Using radioactive sulphate (*5S), phosphate (**P) 
and potassium-42, it has been shown that assimilation 
of anions is inhibited by more than 90 per cent, 
assimilation of sulphate being independent of that 
of phosphate. Transport of cations was not affected. 
It is probable that acetic acid is fixed to the cell 
surface and thus the potential of the cel! 
membrane. The latter is then impermeable to anions 
or inhibits enzymatic systems taking part in the 
transport of anions from the medium into the cell. 
The effective concentration of 2-5 x 10-* seems to 
be too high to act as an enzymatic inhibitor. 

Acetic acid inhibits swelling of spores before 
germination. It may therefore be assumed that 
accumulation of water in spores is not mechanical 
but is an active process tied up with reaction within 
the cell. Prelimi experiments indicate that, 
during swelling, inorganic phosphate must be present 
in the medium. 


Z. Fencu 
Institute of Biology, 
Czechoslovak Academy of Science, 
Prague. 
J. LEOPOLD 


Biochemical Research Department, 
Chemical Works of J. Fuéik, 
Kaznéjov. 


1 Fencl, Z., and Leopold, J., Coll. Czech. Chem. Comm. 21, 1028 (1956). 
* Samson, F. E., Katz, A. M., and Harris, D. L., Arch. Biochem. 
Biophys., 54, 406 (1955). 


Growth and Chemical Composition of 
Mycorrhizal and Non-mycorrhizal Apples 


Despite much conjecture, there is almost no direct 
evidence of the effect of endotrophic mycorrhizal 
infection on plant growth. It may therefore be 
appropriate to give the results of some preliminary 
experiments designed to compare the growth of 
mycorrhizal and non-mycorrhizal apples. 

The test plants used were either apple seedlings 
or apple leaf-bud cuttings’ rooted in vermiculite and 
later transplanted. Such material is initially free from 
mycorrhizal infection. The sporocarps of an Endogone 
sp. the ability of which to produce vesicular-arbuscular 
mycorrhiza has been demonstrated?* were used as 
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Fig. 1 ical infection in roots 
by soil inoculation with sporocarps of an Endogone sp 


inoculum.- The method empioyed was to autoclave 
a loam and sand mixture in pots and to store the 
covered pots, protected from dust and soil contamina- 
tion, for six weeks before planting. Each treatment 
pot was then inoculated with 20-30 Endogone sporo- 
carps. No attempt was made to sterilize the sporo- 
carps since their loose structure makes this almost 
impossible, Pots were placed individually on sterilized 
bricks on a bench in an insect-proof cool greenhouse, 
and each pot was covered with a half-inch layer of 
sterilized sand to reduce the risk of chance infection. 
Ordinary tap water was used for watering. Plants 
were observed during the growing period and their 
weight, height, number of leaves and in some cases 
chemical composition were recorded at the end of the 
experiment. Examination showed that all plants in 
inoculated treatments were strongly mycorrhizal 
(Fig. 1 shows a typical infection), whereas with one 
exception the controls had remained free from 
infection. 

The results to be discussed were obtained from 
five experiments conducted over a period of three 
years. In every experiment the mean size of mycorr- 
hizal plants was greater than that of non-mycorrhiza! 
controls. Because variability was high and the 
number of plants in the earlier experiments was small, 
the increase in size was significant in only three of 
the experiments, and then only at the 5 per cent 
level. When, however, the separate probabilities for 
each of the five experiments are combined, the differ- 
ence between the growth of mycorrbizal and non- 
mycorrhizal plants is highly significant, with a prob- 
ability level of nearly 0-1 per cent. The mean 
oven-dry weight (gm.) of roots, stems and leaves of 
eleven mycorrhizal and eleven non-mycorrhizal clonal 
leaf-bud cuttings gives some measure of this difference. 


Roots Stems Leaves Total 
Mycorrhizal 0-6 0-7 3-3 
Non-mycorrhizal 2-1 03 0-5 29 


There was, in addition, a qualitative difference in 
the type of growth made. The non-mycorrhizal 
plants usually started growing first, but in the case 
of the leaf-bud cuttings they remained stunted with 
abnormally short internodes and very dark green, 
hard leaves, and they were soon overtaken by the 
mycorrhizal cuttings. A representative sample of 
an infected and a control population is shown in 
Fig. 2. 

Gn the case of seedlings, the uninfected controls 
extended rapidly for the first eight weeks, but were 
gradually overtaken by the more sturdy darker green 
mycorrhizal seedlings which continued apical growth 


Fig. 2. Sample of clonal apple leaf bud cuttings (7) with, and 
(C) without mycorrhiza 


for about six weeks longer and were finally the bigger 
plants. The mean weight and the results of a spectro- 

ic analysis of roots, stems and leaves of 
mycorrhizal (I) and non-mycorrhizal (C) seedlings 
are given in Table 1. 

The most important differences shown by these 
figures are the higher potassium, iron and copper 
content and the strikingly lower manganese content 
of the mycorrhizal seedlings. These results are con- 
firmed by the spectrographic analysis of three 
mycorrhizal and three non-mycorrhizal apple hard- 
wood cuttings which had a significantly higher 
potassium, iron and copper content in the roots, and 


Table 1. MEAN DRY WEIGHT AND MINERAL CONTENT OF EIGHTEEN 
AND EIGHTEEN NON-MYOCORRHIZAL APPLE SEEDLINGS 


Dry weight! Potassiunt Calcium =| Magnesium 
| (gm.) (per cent) (per cent) (per cent) | 
I 
48 


ooo 
oe 


| 

| 

(mgm.) 49-67* 35-20 | 30-25* 20-69} 5-10 4-28) 

Iron (p.p.m.) Manganese Copper | 

(p.p.m.) | 

| Roots 1,085* 808 330 595 68 | 

| Stems 65 82 31 49 13t 9 } 

| Leaves 384t 259 107t 186 24 17 
Total uptake 
per plant | 

| (mgm.) 1:49 | 0:76 1:12 | O-21f O-11 | 


” ” ” ” < 0-01 
P<0 


t ” ” ” ” 
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4 
Stems 0°84 066) 0°39 0-90! 0-71* 0-61/ 0-11 
Leaves 0:80 0°65) 2-22¢ 1-91) 1°68 1-51 | 0-23* 7} 
| weight | | 
| (gm.) 3-82* 2-89 | 
| Total up- | | | é 
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@ significantly lower manganese content in the leaves 
of infected plants. ‘These cuttings showed no obvious 
growth differences. 

While it would be premature to attempt an 
interpretation of these results, it may be concluded 
that moculation with the sporocarps of an Hndogone 
sp. produced endotrophie mycorrhizal infection, and, 
either directly or through its influence on the soil, 
affected the growth of plants, the balance of nutrient 
uptake from the soil, and the mineral content of both 
root and shoot. 

I thank the Plant Analysis Section of this Station 
for the spectrographic analysis. 

B. Mosse 
East Malling Research Station, 
Maidstone, Kent. 
Jan. 25. 
* Garner, R. J., Hatcher, E. 8. J., Nicoll, C. P., Rep. East Malling 
Res. Sta. for 1953, 158 (1954). 


* Mosse, B., Nature, 171, 974 (1953). 
* Mosse, B.. Ann. Bot., 20, 349 (1956). 


Spectral Sensitivity of an Echinoid 


In a paper published in 1954, I showed that the 
echinoid Diadema antillarum Philippi reacts to 
shading by spine movements'. 

The sensitivity of isolated pieces of test-bearing 
integument, spines and radial structures was de- 
termined in the region of the spectrum between 
400 and 600 my by means of interference filters 
transmitting wave-bands 8-11 my wide and a lamp 
of known colour temperature, placed at a finite 
distance from the test. The centre of the emitted 
beam was radial with respect to the curvature of 
the test and its intensity was controlled by neutral 
filters. The light beam, projected for 3 min. on to 
the inside or outside of the preparation, was inter- 
rupted by releasing @ spring-loaded shutter and the 
resulting g Spine movement was recorded photographic- 
ally. The minimal light-energy required to elicit 
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Fig. 1. Spestral sensi of Diadema antillarum, determined 
“7 the inside of the test The vertical lines inter- 
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spine movement on cutting off the beam was de- 
termined for each wave-band ; the reciprocal of this 
value is an index of sensitivity. Energy distribution 
over the spectrum was obtained from Wien’s radia. 
tion formula, appropriate corrections being made for 
the characteristics of the optical system employed. 

One hour after removal, the sensitivity of each 
preparation to light of a given wave-band was foun: 
to be constant. 

Sensitivity was consistently maximal in the blue 
region of the spectrum, falling off steeply on either 
side, so that the animal appeared relatively insensitiv.: 
to wave-lengths shorter than 440 and longer thai 
530 muy. 

When the test was stimulated internally, sensitivity 
was maximal at 465 my. The action spectrum is 
shown in Fig. 1. When stimulated externally, the 
results were inconsistent, but most pieces showed a 
maximum at either 465 or at 475 my. The results 
of external stimulation must be regarded with 
caution, since unavoidable changes in the stance of 
the spines must necessarily affect the amount of 
light reaching the outside surface. 

A full account of this work will be published later. 


N. 
M. Yosurpa 
Department of Zoology, 
Bedford Co 
Regent’s 
London, N.W.1. 
Jan. 28. 


* Millott, N., Phil. Trans., B, 288, 187 (1954). 


Simuliidae attracted at Night to a Trap using 
Ultra-Violet Light 


Since the end of May 1955, a light-trap for insects 
has been in use every night at Kincraig, in the Spey 
Valley of Inverness-shire, as part of an investigation 
of the relationship of weather conditions and insect 
activity. This work is being carried out on behalf of 
the Agricultural Research Council. 

A remarkable feature of the catches has been the 
large numbers of bloodsucking Diptera of the family 
Simuliidae, a group of great medical and veterinary 
importance in many of the world. This indicates 
that Simuliidae exhibit considerable night activity, 
a fact not hitherto recogni 

The captures during the two years have been as 
follows : 

1955: May (last 10 nights only), 3; June (20 
nights), 50; July, 105; August, 274; September, 
191 ; October, 214; November, 176 ; December, 20, 
the last captures being 12 on the night of December 6. 
Total for year, 1,033. 

1956: April, 1 on April 30; May, 30; June, 51 ; 
July, 155; August, 482; September, 1,419; Octo- 
ber, 1,360; November, 557; December, 156 (in- 
cluding 95 on December 4). Total for year, 4,211. 

1957: January, 3 ; February, 1 ; March, 13. 

The type of trap used is the Rothamsted trap', 
which is particularly good for Diptera*. The source 
of light was a 200-W. ‘Sieray’ Dual lamp which has 
@ mercury vapour circuit, but fits into an ordinary 
240-V. supply without accessory apparatus. The 
lamp is at a height of about four feet from the ground, 
overlooking open birch-heather association, and is 
about a quarter of a mile from the nearest running 
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water. It is working from half an hour after sunset 
until half an hour before sunrise. 

The catches so far have included ten species, and 
both sexes are present in varying proportions. On 
certain nights the catch has included gravid and 
freshly blood-engorged females, and in the latter it 
has been possible in certain instances to identify the 
source of the blood. 

Work on the seasonal history of the species, and 
the relation of their numbers to weather conditions, 
is being continued and will be published later. This 
communication is to direct attention to the value of 
the technique. 

Since the end of June 1956, a small suction trap 
with a fan 9 in. in diameter and sampling about 
300 cub. ft. of air per min.* has been in use in the 
same garden, but out of sight of the light trap. 
The numbers taken are much smaller ; for example, 
221 in October (as compared with 1,360) and 87 in 
November (as compared with 557). 

Particulars of the light-trap will be sent to anyone 
who cannot consult the papers quoted, on application 
to C. B. Williams. 


Ard Insh, 
Kincraig, 
Inverness-shire. 


Cc. B. 


L. Davies 
Zoology Department, 
Durham Colleges, 
University of Durham. 


* Williams, C. B., Proc. Roy. Ent. Soc. Lond., A, 23, 80 (1948). 
* Williams, C. B., Bull, Ent, Res., 46, 193 (1955). 
* Johnson, G. G., Ann. App. Biol., 37, 80 (1950). 


A Record of the Lungworm Cystocaulus 
ocreatus in Sheep in Great Britain 


AT least fourteen species of lungworms have been 
described from domestic sheep in different parts of 
the world. Of these, only three are recorded as 
occurring in Great Britain, namely, Dictyocaulus 
filaria, Muellerius capillaris and Protostrongylus 
rufescens. A fourth lungworm, identified as Cysto- 
caulus ocreatus, has recently been found in sheep 
lungs examined at Weybridge. 

This lungworm was first observed in lungs received 
from Watford abattoir, to which sheep had been 
sent from various parts of the country within the 
range Devon to Northumberland. C. ocreatus was 
found in only twenty-two of 310 lungs examined, 
whereas M. capillaris, the common lungworm of 
sheep in Britain, was present in 293. A higher per- 
centage infection with C. ocreatus has recently been 
observed in sheep on the Wiltshire Downs. 

This lungworm has been recorded from parts of 
central and southern Europe, Asia and North Africa. 
In both Palestine and Turkey it is the commonest 
of the lungworm species found there. 

The percentage of sheep infected is partly de- 
pendent upon the distribution and frequency of the 
intermediate host. Gerichter has shown that in 
Palestine development of the lungworm larve can 
take place in a number of species of land snails and 
slugs. The rate of larval development varies in 
different species of molluscs, being most rapid in 
Helicella spp.; he has classified these snails as 
‘appropriate’ intermediate hosts. It seems reasonable 
to assume that in Great Britain species of Helicella 


NATURE 925 


are also the ‘appropriate’ intermediate host. As these 
snails inhabit arid, open land such as ciiffs, dunes 
and downs, it is not surprising that C. ocreatus has 
been frequently found in lungs from sheep which 
have been grazed on the Wiltshire Downs, 


J. H. 
Veterinary Laboratory 
(Ministry of Agriculture, Fisheries and Food), 
New Haw, 
Weybridge. 
Jan. 28. 


1 Gerichter, Ch. B., Parasit., 41, 166 (1951). 


Neoteny in a Lamprey 


SPONTANEOUS and artificially induced neoteny are 
well known in Amphibia, and full sexual maturity 
appears to be attained by the parr stage of Salmo 
salar. But, so far as I am aware, neoteny has never 
been recorded in the cyclostomes. Young? has 
directed attention to the fact that some 
show a speeding up of the time of sexual maturity 
relative to the time at which metamorphosis takes 
place (pedomorphosis), but there are no records in 
the literature of sexually mature ammoccete larve. 

On March 18, 1955, I collected some two hundred 
ammoccetes from a small stream, the Fibbio, which 
is @ tributary of the River Adige, near Verona in 
Italy. These were larve of a species of Lampetra 
found in the Po flood plain district of northern 
Italy. They were described by Vladykov’, who 
named them L. zanandreai. Of these ammocctes, 
twelve showed well-developed ovaries containing 
eggs which were macroscopically visible on dissection 
and obviously in an advanced state of maturity. 
Artificial fertilization of the eggs was not attempted, 
though they had apparently reached a stage at which 
this would have been possible. One larva showed 
well-developed principal secondary sexual characters, 
namely, enlargement of the two dorsal fins and 
fusion of these fins, development of the anal pseudo- 
fin, and transparent body-wall through which the 
eggs could be seen. . Such characters are normally 
only associated with adults which are about to spawn. 
The neotenic specimens, which were all females, were 
collected during the spawning season. It was con- 
firmed by histological examination that the endo- 
style was intact and that no post-metamorphic 
features were present other than the well-developed 
ovaries. No environmental peculiarities were identi- 
fied which might account for this manifestation of 
neoteny, though it should be recorded that some 
2 km. upstream from the locality in which the 
neotenic specimens were taken the effluent from a 
tannery enters the Fibbio. 

Attention has already been directed by Leach* to 
an important difference between parasitic and non- 
parasitic lampreys, namely, the tendency towards 
precocious sexual maturity in the latter, in which 
there is no growth phase interpolated between meta- 
morphosis and the assumption of full sexual maturity. 
‘Lhe present record of neoteny might be interpreted 
as an extreme example of this general tendency. 
It also demonstrates inter alia that sexual maturity, 
at least in the female, can be attained in the absence 
of a definitive thyroid gland. The absence of this 
gland in neotenic lampreys bearing mature eggs 
assumes an added importance, since Gorbman and 
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Creaser‘ and Leloup and Berg’ have shown that 
the ammoccete endostyle can fix iodine in an organic 
state. 

The discovery of neoteny in the cyclostome has 
special significance in view of the somewhat dis- 
cordant results which have been obtained by various 
workers who have attempted to stimulate precocious 
sexual maturity in ammoccete larve and immature 
adults of various lampreys. Calvet* claimed that 
gonads and secondary sexual characters of female 
ammoccetes were stimulated by treatment with human 
pregnancy urine. Similar results were obtained by 
Damas’, though in later work® he, and all subsequent 
authors (Young and Bellerby®; Knowles!*), have 
been unable to produce gonadal stimulation by 
treatment of larval and immature adult lampreys 
with mammalian gonadotrophins. However, Young 
and Bellerby® and Knowles'® have demonstrated a 
striking effect of various gonadotrophins and sex 
steroids on the secondary sexual characters of 
ammoccetes and immature adults. The present 
finding of sexual maturity in ammoccetes in Nature, 
together with the well-recognized variability in 
degree of sexual development within populations of 
ammoceetes, might well account for some of the 
discordant results and certainly indicates the need 
for adequate control groups im any experimental 
endocrinological studies. 

GrusEPPE ZANANDREA 


Istituto Anatomia Comparata, 
Universita di Bologna. 
Jan. 20. 
+ Young, J. Z., “The Life of Vertebrates” (Oxf. Univ. Press, 1950). 
* Viadykov, V. D., Copeia, No. 3, 215 (1955). 
* Leach, J. W., J. Morph., 89, 217 (1951). 
*Gorbman, A., and Creaser, C. W., J. Exp. Zool.. 89, 391 (1942). 


* Leloup, J., and Berg, O., C.R. Acad. Sci., Paris, 238, 1069 (1954). 


* Calvet, J., C.R. Soc. Biol., Paris, 109, 595 (1932). 
* Damas, H., Bull. Soc. Sci. Lidge, 2, 94 (1933). 
* Damas, H., Ann. Soc. Zool. Belg., 81, 151 (1950). 


* Young, J. Z., and Bellerby, C. W., J. Exp. Biol., 12, 246 (1935). 


™* Knowles, F. G. W., J. Exp. Biol., 16, 535 (1939). 


Australasian Floras 


THE distribution of plants in Australasia, and 
especially in that part of it comprising New Guinea, 
New Caledonia, New Zealand, Tasmania and 
Australia, has long revealed problems which still 
await a generally satisfactory solution. 

This was, perhaps, not surprising in earlier days, 
when a belief in the immovability of large land- 
masses was unquestioned, because even partial 
explanations based on this assumption involved the 
establishment of hypothetical land-bridges on a large 
scale; but it is remarkable that the more recent 
theories of continental displacement, with their 
obvious potentialities in this connexion, have also 
failed to provide any broadly applicable explanation 
of the facts. Doubtless there are various reasons for 
this, but what would seem to be two of the most 
important call for some comment. 

The more general of these two reasons is that the 
chronology and course of continental displacement 
or drift, as outlined by leading protagonists of such 
theories, do not accord well with the phytogeograph- 
ical facts, and aggravate, rather than simplify, many 
of the difficulties: the more particular reason is the 
treatment of New Guinea in these theories. 
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Wegener huoself! regarded New Guinea and 
Australia as constituents of a single land-mass, now 
flooded locally and thus divided into two separate 
emergent parts by the very shallow epicontinental 
sea of the Torres Straits, and he supposed that this 
great land-mass had drifted into and disrupted the 
easternmost parts of Malaysia. This conception seems 
never to have been seriously challenged, although 
more than one later writer has modified it in one 
way or another. Du Toit, for example’, suggested 
that New Guinea might be “‘a slice of eastern Queens- 
land that has become displaced to the north with 
anti-clockwise rotation . while others have 
referred to the Merauke and Oriomo ridges in 
southern New Guinea as the northern edge of 
the Australian shield. But these leads have not 
been followed up very far, and it is still not clear 
whether there is, in fact, any positive or direct 
evidence that New Guinea and Australia are now, 
or ever have been since the time of origin of the 
flowering plants, parts of one and the same greater 
primeval land-mass. 

Yet an answer to this question may mean a great 
deal to biogeographers. If New Guinea and Australia 
are indeed parts of the same pristine land-mass, 
with such concordancy of history as must result from 
this, then a solution of many of the chief problems 
of plant distribution in connexion with them remains 
elusive. If, on the other hand, there is no real evidence 
of such an association, and it is permissible to suppose 
that New Guinea and Australia owe their present 
contiguity, not to community of origin, but to a 
gradual relative drift of the latter towards the former 
over @ long period of time (perhaps since the early 
Tertiary) and from a more westerly and southerly 
position, then there is introduced into the situation 
@ new, and probably variable, element of gradual 
approach which brings many apparently discordant 
facts into line, and which is capable of affording an 
explanation of much in the phytogeographical rela- 
tionships of Australasia (and it is safe to say in the 
zoogeographical relationships also) that has hitherto 
seemed almost inexplicable. 

Ronatp Goop 


Department of Botany, 
University of Hull. 
March 27. 


A. J. G. A., “The Origin of Continents and 
* Du Toit, A. L., “Our Wandering Continents”, 190 (1937). 


Nature of the Spawning Area of Herrings 


THe recent communication by Bolster and Bridger’ 
records a very valuable observation. The first para- 
graph, which states that herring spawn has been 
collected only by trawl or from fish stomachs, is, 
however, misleading. Herring spawn has been 
successfully collected by dredge*, by Petersen grab**, 
and by a modified tow-netting technique’. 

A. B. BowErs 

Marine Biological Station, 

University of Liverpool, 
Port Erin, Isle of Man. 
? Bolster, G. c., and Bridger, J. P., Nature, 179, 688 (1957). 
* Marshall, and Orr, A. P., J. Mar. Biol, Assoc. 
U.K.. 22, 245 (1937). 
* Runnstrém, 8., Rep. Norwegian Fish and Mar. Invest., 6 (8) (1941). 
* Fridriksson, rw and Timmerman, G., J. du Cons., 17, 172 (1951). 
* Bowers, A. B., Proc. Trans. Liverpool Biol. Soc., 68, 47 (1952). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, May 6 


INSTITUTION OF Post OFFIOR jmmnnennes ENGINEERS (at the 
Institution of Electrical Savoy Victoria 
London, W.C.2), at 5 p.m.—Mr, A. Cook and Mr. L, L. Hall: “The 
Rugby ‘B’ H.F. Radio Transmitting Station”. 
callags Gower trots Wie) Alben 
wer Stree on, a m.—. y 
(Wisconsin): “Kinetic Studies of 

LRitish SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture 
Theatre of the Science Museum, Exhibition Road, London, 8.W.7), 
at 5.30 p.m.—Annual General Meeting with Presidential Address. 

SOCIETY OF ENGINEERS o the Geological Society, Burlington 
Piccadilly, London, W.1), at 5.30 p.m.—Sir Graham Sutton, 

F.R.S. : “Meteorology To- “day 

INSTITUTION OF ELEC" ‘ENGINEERS, Epvoation Discussion 
CIRCLE (at Savoy Place, London, W.C.2), at 6 p.m.—Discussion on 
“The Co-ordination of Education ‘and Practical raining in Sandwich 
Courses”, opened by Mr. C. Grad and Mr. A. Draper. 

Society OF CHEMICAL a. LONDON SECTION (at 14 Be 
Square, Landen, S.W.1), at m.-—Annual General Meeting, fol 
by Dr. A. C. Monkhouse : Combustion of Coal”. 


Tuesday, May 7 


PHOTOBIOLOGY GRoUP (in the Chemistry Lecture Theatre Birkbeck 
College, London, W.C.1), at 2.15 p.m.—Discussion on “Excitation 
and Energy Transfer Processes and their Significance’, opened by 
Prof. R. G. W. Norrish, F.R.S., and Dr. L. H. Gray. 

UNIVERSITY OF LONDON (at the Wri t-Fleming mane a. 
Microbiology, -Mary’s Hospital Medical School, 
London, W.2), 5 p.m.—Sir Cyril Hinshelwood, F.R.S.: ons 
Quantitative of Bacteriology”.* (First of four Almroth 
Wright Lectures.) 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, 'w. C.2), at 5.30 p.m.— 
Mr. F. W. Meredith; “Invention and Nature 

SOCIBTY OF CHEMICAL INDUSTRY, CORROSION GRouP (at 14 Belgieve 
Square, London, 3. W.1), at 6.30 p.m.—Ann 
“A Pilgrim’s Progrees from Corrosion” (Chairman’ 

ress 


Tuesday, May 7—Friday, May 17 


INSTRUMENTS, ELECTRONICS AND AUTOMATION EXHIBITION (at 
Olympia, London, W.14).* 


Wednesday, May 8 


UNIVERSITIES FEDERATION FOR ANIMAL WELFARE (in the Harkness 
Hall, Birkbeck College, Malet Street, London, W.C.1), at 9.45 a.m.— 
Symposium on “Humane Technique in the Laboratory”. 

SOCIETY OF CHEMICAL [INDUSTRY, VORROSION GROUP—DUCATION 
PANEL (at 14 Belgrave Square, London, 8.W.1), at 11 a.m,—Annual 
General Meeting. 

PHYSICAL Society, ACOUSTICS fo the Physics Lecture 
Theatre, Imperial College Imperial Institute Road, London, 3.W.7) 
at 5.30 p.m.—Mr, ifpenny : “Tonal Evolution of Wood-W! Wind 
instruments”, 

SocieTy FoR ENDOCRINOLOGY (at the Royal Society of —— 
Medicine and Hygiene, Manson House, 26 Portland Place, 

W.1), at 5.30 p.m.—Prof. C. de Duve (Université de Louvain) : “Tbe 
Present Status of Glucagon”.® 

_ Socrery oF INDUSTRY, Foop Group (at 14 Belgrave 
Square, London, W.1), at 6.45 p.m.—Annual General Meeti 7 p.m. 
~——Dr. A. J. Amos: “Food, Food Science and the Food Group—a 
25-Year Review”’. 


Thursday, May 9 


ROYAL SOCIETY (at paieos House, Piccadilly, London, W.1), 
at 4.30 p.m.—Meeting for the Election of Foreign Members, followed 
by Dr. k. Spence : “Chemical Research at the Atomic Energy "Research 
Establishment”, 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SECTION (at John Adam 

Street, Adelphi, London, W .C.2), at 5.15 p.m.—Dr. Otto Holden : 
“The St. Lawrence River Power Project” 

ANSTITUTION OF ELECTRICAL ENGINEERS, [UTILIZATION SECTION 
(at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. H. J. Miller: ‘The 
World’s Copper *Resources”. 

ROYAL AERONAUTICAL SOCIETY (at tne ——_ of Mechanical 
Engineers, birdcage Walk, London, 8.W.1), at 6 p.m.—Dr. Theodore 
von Karman: First Lanchester Memorial Costes. 

CHEMICAL SOCIETY (at Burlington Hou se, Piccadilly, London, W.1), 
at 7.30 p.m.—Prof. Dr. O. Hassel: “Structural Evidence Regarding 
the Solid Addition-Compounds of Ethers and Amines with Halogens 
and other_Molecules Acting as Electron Acceptors’’. 


Friday, May 10 


Harold Spencer Jones, F.R.S.: 
ariums” 
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Friday, May 10—Saturday, May II 
RITISH SOCIETY FOR IMMUNOLOGY (in the Meyerstein Theatre 
of the Westminster Medical School, Horseferry Road, London, 8.W.1) 
—-Spring Meeting. 
Friday, May 10 
At 2 p.m.—S jum on ‘Non-specific’ Immunity” ; Chairman— 


Saturday, May !1 


ASSOCIATION OF CLINICAL BIOCHEMISTS, UTHERN REGION (at 
St. Bartholomew’s Hospital, London, E.C. ne 2 2 p.m.—Symposium 
on “Toxicological Analysis”. 

BRITISH PSYCHOLOGICAL Soctsty (in the Gustave Tuck Theatre, 
University College, Gower Street, London, .W.C.1), at 2.30 p.m.— 
Prof. W, 8. Verplanck: “Human Thinking”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments ou or 
before the dates mentioned : 

ASSISTANT (SUB-EpDITOR) (with practical experience of work in 
medical bibliography, a wide knowledge of medical terms and accuracy 
in detailed work) on the Staff of the British Medical Bulletin in London, 
for duties which include marking all copy for printers, and checking 

roofs—-The Director, Personnel Department, British Council, 65 

vies Street, London, W.1 (May 8). 

HEAD OF THE FACULTY OF ENGINEERING; a@ SENIOR LECTURER 
and an ASSISTANT LECTURER IN MECHANICAL ENGINEERING; and a 
LECTURER IN CIVIL OR MECHANICAL at the Ro 
Technical Coll of East Africa, Nairobi—The Sec dvisory 
=o on Colonial Colleges, 1 Woburn Square, ae W.C.1 
LECTURER (with a ge physics di or Corporate member of 
th «Institute of Phys and preferably some teaching experience) 
IN Puysics—The Principal, orth Staffordshire Technical College, 
Stoke-on-Trent (May 10). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF IN- 
ORGANIC AND ga CHEMISTRY—The Registrar, The University, 


11). 

Lgcr with a university di in agriculture or science and 
a anand ie aon e of agricultural b ology) IN AGRICULTURAL BIOLOGY 
—The Principal Agricultural Officer, Lancashire County Institute of 

culture, Winmarleigh, near Garstang ( (May 11). 

HYSICIST (Basic grade or Senior grade) = 
of the General Hospital, Nottingham—The G: 
ham No. 1 Hospital Management Committee, f ll 

Puysicist, Senior grade (preferably with an interest in the — 
of electronic apparatus), for work with radioisotopes, with scope for 
development work—The Secre Board Governors, Hammer- 
indo dae and ‘Medical School, Du Gane Road, 
ondon 

ESEARCH daemeeria) IN THE DEPARTMENT OF PHYSIOLOGY AND 
brocumtsrE to assist with on the biological action of 
Secretary and The University, Southampton 

LECTURER (hi, qualified in mathematics and its a: 
tions and with good as and preferably research ex! 

IN Marmenatice-The Principal, Derby and District College of Tech- 
nology, Normanton Road, Derby (May 11). 

LECTURER (with special ualifications in mineralogy and a. working 
knowledge of X-ray techn a IN GEOLOGY—The Registrar, The 
University, Bristol (May 15). 

LECTURER (Grade II) IN APPLIED MATHEMATICS—The Registrar, 
The University, Bristol (May 17). 

ASSISTANT LECTURER (with special qualifications in pure mathe- 
matics) IN MATHEMATIOS—The Registrar, The University, Man- 
chester 13 (May 18). 

JUNIOR RESEARCH FELLOW IN Puysics—The Registrar, The 
University, Sheffield (May + 

LECTURER IN PHYSICS Secretary, Durham Colleges in the 
University of Durham, 38 North Bailey, Durham (May 18). 

Puysicist (with a first- or second-class honours degree or aye 
in physics) at the Ministry of Supply Clothing and Stores Experi- 
mental Establishment, Farnborough, Hants, primarily to design 
for a group ‘engaged on applied physiological an pu 
logical research on the design of military 
and general stores—The Ministry bour and National Save 

Technical and Scientific Register MKS, 26 King Street, London, 8.W.1, 
quoting A.112/7A (May 18). 

SENIOR LECTURER or LECTURER IN ANATOMY at the University “ 
Khartoum—The Secretary, Inter-University Council for 
Education Overseas, 29 Woburn Square, London, W.C.1 (May 2. 

ASSISTANT LECTURER or LECTURER IN APPLIED MATHEMATICS— 
The Registrar, University College, Singleton Park, Swansea (May 23). 

ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, University 
College, Aberystwyth (May 25). 

ASSISTANT LECTURER (with ees in petrology) IN GEoLoGy 
—The Registrar, The University, Hull (May 25). 

LECTURER or ASSISTANT LECTURER (preferably with “a interests 
in electrochemistry or reaction kinetics) IN PHYSICAL CHEMISTRY— 
The Secretary, The University, Exeter (May 25). 

READER IN GEOGR PHY at Birkbeck College—The Regis 
ee of gene Senate House, London, W.C.1 (May 29). 

GLASS-BLOWER IN THE DEPARTMENT OF CHEMISTRY, for duties w! 
will include The University in glass-blowing—The 
(Room §, O0.R. e University, Reading (May 31). 


JUNIOR camenene (with an honours degree in phys r mathe- 
matics) at Dunsink Observatory—The Senior Clerk, Dass. Institute 
for Advanced Studies, 64-65 Merrion Square, Dublin, — (May 31). 

LECTURER IN PHYsIcs—The Registrar, Manchester College 
of Science and Technology, Manchester 1 (May 31). 
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RESEARCH ASSISTANT (holding or about to hold a Ph.D. degree, or 
with equivalent research experience) IN THE DEP. gh CHEM- 
IstRY, for work on the semiconducting pro} oe 
between Group III and Group V Kemball, The 

EMONSTRATOR (preferably wit interest in mycology) 
IN THE DEPARTMENT OF , University College 
of North Wales, Bangor (June 1). 

SENIOR LECTURER (holding a Doctorate of Philosophy or Science, 
awarded for research in theoretical physics, and preferably with 
previous lecturing experience) in THEORETICAL PHysics at the Univer- 
sity of Queensland, Australia—The Secretary, Association of U =. 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, June 7). 

RER Or ASSISTANT LECTURER IN BIOCHEMISTRY at the Univer- 


sity of Singapore—The Inter-University Counci) 
Giune 20). ication Overseas, 29 Woburn Square, London, W.C.1 


‘with an honours degree in mathematics, and preferably 
higher dee igher dagree) IN MATHEMATICS at the University’ of Queensland, 
Secretary, Association of Universities of the British 
Commonwealth 36 Gordon Square, London, W.C.1 (Australia, 
ASSISTANT (graduate in a British university) 
IN THE DEPARTMENT OF PHARMACEUTICS— to the Council, 
School of Pharmacy, of London, 17 Square, 
London, W.C.1. 
ASSOCIATE PROFESSOR or PROFESSOR OF ELECTRICAL ENGINEERING— 
Prof. G. A. Wallace, McGill University, Montreal, yl 
NoN-MEDICAL (Basic grade), IN P LABORA- 
, Guijdford—The Hospital Secretary, St. lakes Hospital, Guild- 


GRADUATE (with a knowledge of dairy husbandry, and preferably 
with a knowledge of, , or willing to learn, foreign languages, 


tracting—The Director, Commo th Bureau of Dairy Sc’ 
echnology (Commonwealth Agricultural Bureaux), Snintield. 


Reading. 

HEAD OF THE METAL Puysics SECTION in the British Iron and Steel 
Research Association’s Battersea Laboratories, to lead a group 
undertaking a varied research programme on the ’ properties of metals 
in the solid and the liquid state—The fevsegnet Officer, B.1.S.R.A., 
11 Park Lane, London, W.1, quoting ‘H.M 

ith teaching, industrial or - EN experience) IN 
Puysics at Eastham Carlett Park Central College of Further Educa- 
=” Director of Education County Education Officer, City Road, 


LECTURERS 2). ¢ Grade II _~- a suitable degree and industrial or 
research experi an interest Ls the application of scientific 
principles in industrial THE DEPARTMENT OF — 
TRIAL METALLURGY—The Registrar, The Un University, Birmingham 1 

MAaSTER (with a good honours degree) TO TEACH PuHysics to “—S 
ter, King Edward vil School, Lytham. 

Experimental Officer/Assistant Experimental Officer 
x (with 4 at least H.S.C. (science) or equi , to assist in research 
into the physical and mechanical properties of igh 
Senior Recruitment Officer, Atomic Weapons 
Aldermaston, Berks, quoting Ref. 1480/34. 

EARCH ASSISTANT = microbiological and biochemical as: 
of work on megaloblastic anemias—The Registrar, King’s Co! 
Newcastle-upon-Tyne. 

SENIOR SCIENTIFIC OFFICERS and SCIENTIFIC 0: 


osives—The 
ent, 


oting 
TECHNICAL OFFICER (female, age 22-55 years, with a 
(preferably with honours) in metiemation, physical science or geo- 
graphy) IN THE SURVEY DEPARTMENT, Government of Kenya, to 
check survey plans—The Director of Recruitment, Colonial Office, 
London, 8.W. p quoting BCD.103/7/09. 
JUNIOR PHYSICIST (preferably with so 
physics or electronics) to assist with clinical applications and research: 
using the X-ray and electron beams from the 8 MeV. linear accelerator 
—The Director, Radiotherapeutic Research Unit. Hammersmith 
Hospital, Du Cane Road, London, W.12. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The Christian Person and Morality. By Prof. H. H. Farmer. (Alex 
Wood Memorial Lecture, — Pp. 28. (London: Fellowship of 


Reconciliation, 1957.) 1s. 143 
Ministry of * Agricul ture, —— and Food. Bulletin No. 164 
A. H. Burgess. Pp. i+é8416 


Hop Growing and Drying. By Dr. 
plates. (London: H.M. Stationery Office, 1956.) 5s. net. 

Institute of Personnel Management. Occasional Papers, No. 12: 
The Role of the Personnel Officer: a Group Review. By Guy Hunter. 
Pp. 21. (London : Institute of Personne] Management, 1957.) 4s. [143 

Energy Research 


The Harwell Reactor Pp. 16. The Atomic 
Establishment, Harwell: a Brief Guide. Pp. 32. 2s. 6d. (Harwell: 
Atomic Energy tablishment, 1957.) [143 
quarterly journal of the Combustion 
Institute. Vol. 1, No. 1 (March, 1957). . 128. Annual subscription 
including’ postage: U.K. 105s.; U.S.A. 1 dollars. (London: Butter- 
entific Publications : New York : : Interscience 
Notes for Pi Students. By K. Hunt. ron 42. 


(Oxford : Research institute, 1956.) 8s. [148 
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The Carnegie United Kingdom Trust. 
(Dunfermli: 


Aero Research Technical Notes ys 
Flush Door Manufacture: Use Of Aerolite” by. Hills and Sons, Ltd 
: Aero Research Lim! 957. : 


48rd Annual Report, 1 
ne: Carnegie United Kingdom Tru 


. 6. (Duxford ero ited, 
Discovery Reports. 29. Pp. 129—140 Observations ov 
Aberrant Medusa 7' Buse y William J. Ree 


8s. 6d. ni 
Mathematical and Physical Sci ve. 968, Vol. 249 (14 March: 


1957): The Constitution of f Iron with 
Transition Elements of the First Lo ’ Period. By A. Hellawell anc 
Pp. 417-459. (London: e Royal 
7. 8 14 
University Grants Committee. inter: 


on the years 1952 to . 26. 
Stationery Office, 1957. net. 

British Electrical and Industries Research iation 
Technical Report G/T307: A Four-Channel Cathode-Ray 
with Automatic Brilliance Control. By M. T. Cree. Pp. 3+2 figures 
6s._ Technical Discharge L/T329 : Electrical and Optical 
of D.C. in Air at Pressure. By Dr. B, 


eric 
herhead : British 


Murphy. Pp. 3 21s. trical 
and Allied ietaien Research Association, 1956.) (203 
Other Countries 

t of Mines and Northern Affairs and Natura! 
National Museum of Canada. No. 143: The Birds 


Resources. Bulletin 

of Banks Island. By T. H. Manning, E. O. Hohn and &. H, Mac 

Pp. 266 plates). 2.50 dollars. Bulletin No. 144: The Northern 
Clethrionomys rutilus (Pallas), By T. H. 

plate. 2 dollars. Bulletin No. 145: The 


TSsOn. 


ay 
Cretaceous Repti] "1 dollars, So natator Parks. By L. 8. Russell. 
> ii+51 (12 bias) 1.50 dollars. Some Canadian Birds. By W. Ear! 
Godfrey. Pp. 44. 35 cents. A Guide to Eastern 


Canadian 
By sis Cameron. Pp. vi+72. 50 cents. (Ottawa: Queen’s Printer. 


143 

cta Embryologiae et Morphologiae Experimentalis. vo 3. No. 1 

(Rebpraien 1957). Pp. 104. Subscription (for a volume of ‘about 300 

pages) 12 dollars; 5,000 lire. (Palermo: G. Annual Report No. ps 
tional Institute of Genetics, Japan. 6 (1955 

. iv+102. (Misima, Sizuoka-ken National Institute of 


1 56.) 148 
de uisas Fisicas. Notas de Fisica. vol! 3, 

No. on-Local Quantum Theory of Fields. _By 

a. Wataghin 13. Vol. 3, No. and E 

of Metal Surfaces in Electrolytic many U. Camerini, J. Danon, 

and M. Malagolowkin. BP. 18. (Rio de Janeiro: Centro Brasileiro de 

Pesquisas Fisicas, 1956. (143 
New Zealand Forest Forest Institute. Technica) 


Paper No. 9: Australasian Cyttariaceae. By y G. B. Rawlins. Pp. 
10+4 plates. (Reprinted from the T'ra mations of the Royal Society of 
New Z » Vol. 84, Part 1, October, 1060) (Wellington : — 
ment Printer, 1956. ) [14 

United States Department of culture. Log ery Bulletin No. 
1153: Bracon lis: Mues: a Parasite of the Whea 


sogaster 
By H. W. Somsen and Philip Luginbill. Pp. 
Bulletin No. 1155: Relative Importance of yes Host Plants of w% 
Beet opper in Southern Idaho. By J. R. Douglass and 
Hallock. Pp. 11. 10 cents. (Washington, D.C. : Government Prining 


Office, 1956 and 1957. moan 
Fisheries Research Boar f Canada. Bulletin No. 109: Oe 


Bonavista Longlining e.- A-A, 1950-1953. By Wilfred Templeman 
and H. C. Fleming. Pp. v+55. (Ottawa: Queen's Printer, "—. 
50 cents. 


Bulletin of the American Museum of Natural History. a Le, 
icle 1: 8 Ei Theridion, and Paidisca 
in America North of Mexico (Araneae, Theridiidae). iy E Herbert W. 
Levi. 1-124. (New York: American Museum of Na’ peoraan: > 


1957.) 1. 5 dollars. 
Contributions from of Geo and Palaeontology. 
gd of the Northern 


, Tamio Kotaka, and 
Hayasaka. = 


Palaeontology, Tohoku University, 1956.) [143 
Food and Agriculture Organization of the United Nations. Yearbook 
of Forest Products Statistics, 1956. Pp. vi+170. (Rome: Food and 
Agriculture Organization of the United Nations ; London: H.M. 
Stationery Office, 1956.) 12s. 6d.; 2.50 dollars. 143 
Commonwealth of Australia: Department of External Affairs. 
Australian National Antarctic Research Ex tions. A.N.A.R.E. 
Reports. Series C, Vol.1: Terrestrial oa . Magnetic Observa- 
tions at Heard Island, 1952. By L. ni. . 8+46 tables +6 
tes. Observations at M. 
eGregor. Pp. 8+41 tables+3 plates. (Melbourne: 
Division, ppopertucess of External Aftairs, 1 956.) 
Fiskeridirektoratets Skrifter. Serie Havundersokelser. (Reports on 
Norwegian Fishery and Marine Investigations.) a 11, No. 7: The 
Influence of Temperature on the Formation of Zones fp Scab — and 
iths of Young Cod. By Alf Dannevig. Pp. 16. is 
John Griegs Boktrykkeri, 1086.) 3 
Union of South Africa: Department of Mines. Geological surves 
Special Publication No. 15: The Geology of the Barberton Area 
Compiled by D. J. L. Visser from reports by O. R. van Eeden, G. K. 
Joubert, A. F. Sohage, J. 6. van Zyl, Rowouw, J. 3. jaard, 
and D. J. L. Visser. Pp. xiv +253 (45 plates). 35s. Map 
of the Barberton Area. 4 sheets. (Pretoria: Coie Printer, 
1955 and [203 
Laboratoire d’Astronomie de Lille. Astronomical News Letter 
No. 83. .1+88. Dictionnaire Russe-Francais. Traduit de 
ish Vocabulary” of the American Mathematical Society, par 
ourganoff. (Supplément a l’Astronomical News Letter, No. 83.) 
Pp ii+80. (Lille: Laboratoire d’Astronomie de Lille, 1956.) (203 
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a new low cost infrared instrument for the organic chemical laboratory: 


THE INFRACORD* DOUBLE BEAM 
SPECTROPHOTOMETER 


The new Infracord Spectrophotometer puts infrared 
analysis and its advantages within the reach of every 
laboratory. The result of a 4-year development pro- 
gram by Perkin-Elmer, the Infracord embodies the 
latest advances in optical, electronic, and mechanical 
design. A highly efficient double beam optical null 
system, previously available in only the most expen- 
sive spectrophotometers, provides the speed, energy, 
short path length and resolution so necessary for 
good qualitative and quantitative analysis. 

Designed to meet the rapidly expanding use of 
infrared and analytical techniques, the Infracord is 
as simple to operate as an analytical balance. 

Rugged and compact, the Infracord as an everyday 
tool for the chemist gives him a fast answer and a 
permanent record of his work—at the bench. It 
handles the spectroscopist’s. routine work. Write for 
complete information. 


NOTE THESE FEATURES: 
double beam measuring system 
atmospheric and solvent compensation 
differential analysis 
linear wavelength vs transmittance recording 
broad line of sampling accessories 
single unit construction 
requires only 120 volt, 60 cycle power source 
2.5 to 15 microns in 12 minutes 
instant wavelength reset 
direct recording on notebook size paper 
reproducible performance 
PRICE: $3850.00 f.o.b. Norwalk, Connecticut 

{in U. S. and Canada only) 
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Perkin-Elmer Gyno 
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LOW POWER BINOCULAR 
MICROSCOPES 


of microscope is 
suited are fully ex- 
plained in booklet, 
post free on appli. 
cation. 


R. & J. BECK Ltd. 


69/71 MORTIMER STREET 
LONDON, W.! 


PURE FILTER PAPERS 


Always pure and 
reliable. Quantitative 
and Ashless. 

Write for descriptive 
catalogue NG.55 


J. BARCHAM GREEN LTD. 
MAIDSTONE, ENGLAND 


Movementt(entro! 


Most instruments make use of movement in one form 
or another to indicate readings, but one of the problems 
facing designers is that of rendering extremely smal! 
movements easily visible to the eye. 


Projection of a graticule image swinging past a light 
source is the ideal method of magnifying such movement 
and giving foolproof indication without increasing friction 
or wear, for example to record the swing of the beam 
of a balance, of a compass, or even of a gramophone 
pick-up over the grooves of a record. By efficient use 
of prisms, moreover, such optical systems can be very 
compact, and the method offers wide scope for develop- 
ment where movement must be indicated to be con- 
trolled both in instrumentation and in machine tools. 


The essential component is, of course, a good graticule, 
and we don’t need to tell you who to contact about 
that. 


Graticules 


LIMITED 
VIADUCT, LONDON, E.C.! 
Grams: Rheinberg, Cent.. London 


57-60 HOLBORN 
Phone: CENtra! 2717/8 


The D-845 Industrial Reference Cell 
is confidently recommended for use 
as an accurate and stable source of 
e.m.f. The reference cell is of the 
unsaturated acid type with cadmium- 
mercury amalgam contained in the 
negative limb and mercury together 
with a layer of mercurous sulphate 
contained in the positive limb. The 
electrolyte which almost completely 
fills the remainder of the interior con- 
sists of an unsaturated acid solution 
of cadmium sulphate. 

This cell will function under widely 
varying temperature conditions —be 
tolerant to a wide range of mounting 
positions—withstand rough handling 
and yet maintain an accurate and 
stable reference voltage. Mounted 
and unmounted types are available 
from stock. 

253 Write for Publication 5739 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 


Phone: Beckenham 0041 Grams & Cables: MUIRHEAD BECKENHAM 
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